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GLOSSARY

fAbove ground lewvel
Asrospace Information Report

A-Weighted sound level, expressed in decibels (See
La)

Maximum A-welghted sound level, expressed in
decibels (see L)

45 measured maximum A-weipghted Sound Level
#drcraft altitude above the microphone location
Approach operational mode

Centerline Center

Closest polnt of approach

Distance

Decibel

A-Weighted sound level expressed in units of
decibels (see Ap)

Degree of freedom

Delta, or change in value

Correction term cbtained by correcting S5SPL values
for atmospheric absorption and flight track
deviations per FAR 36, Amendment 9, Appendix A,
Section A36.11, Paragraph d

Correction term accounting for changes in event
duration with deviations from the reference flight
path

"10 dB-Down" duration of L, time history

Effective perceived noise level (symbol is
LEPN}
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International Civil Aviation Organization
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velocity duration effects in A2

Knots Indicated Air Speed

Propagation constant describing the change in SEL
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A-Weighted sound level, expressed in decibels
Equivalent sound level

level Flvover operational mode

Sample Size

National Weather Service

Maximum overall sound pressure level in decibels

Precislon integrating sound level meter
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PNLp = Maximum perceived noise level

PNLTy N Maximum tonme corrected perceived naise level

POp = Photo overhead positioning system

Q = Time history "shape factor”

RH == Relative Humidity in percent

RPM - Hevolutions per minute

SAE - Society of Automotive Engineers

SEL - Sound exposure level expressed in decibels. The

integration of the AL time history, normalized to
one second (symbol is Lag)

SEL M = As measured sound exposure level

SEL-ALy = Duration correction factor

SHE = shaft horse power

SLE - Single lens reflex (35 mm camera}

SPL = Sound pressure level

T = Ten dB down duration time

TG = Tone correction calculated at PHLTy

T/O - Takeoff

TSC - Department of Transportatlion, Transportation Systems
Center

v - Velocity

VASI = Visual Approach Slope Indicator

VH = Maximum speed in level flight with maximum
continuous power

VuE = Never—axceed speed

vy = Velocity for best rate of climb







INTRODUCTION
1.0 Introduction — This report documents the results of a Federal
Aviacion Administration (FAA) nolse measurement/flight test program
involving the Aerospatiale Dauphin twin-jet helicopter. The report
contains documentary sections describing the acoustical characteristics of
the subject helicopter and provides analyses and discussions addressing
topics ranging From acoustical propagation to environmental impact of

helicopter noise.

This report is the second in a series of seven documenting the FAA
helicopter noise measurement program conducted at Dulles Internmational

Adrport during the summer of 1983.

The Dauphin test program was conducted by the FAA in cooperation with
serospatiale Helicopter Corporation and a number of supporting Federal
agencies, The rigorously controlled tests invelved the acquisition of

detailed acoustical, position and meteorclogical data.

This test program was designed to address a series of objectives
including: 1) acquisition of acoustical data for use in heliport
environmental impact analyses, 2) documentation of directivity
characteristics for static operation of helicopters, (3) establishment of
ground-to-ground and air-to-ground acoustical propagation relationships
for helicopters, 4) determination of nolse event duraction influences on
energy dose acoustical metrics, 5) examination of the differences between
noise measured by a surface mounted microphone and a microphone mounted at
a height of four feet (1.2 meters), and 6) documentation of noise levels
acquired using international helicopter noise cercification test

procadures.




The appendices to this document provide a reference set of acoustical data
for the Dauphin helicopter operating in a variety of typical flight
regimes, The first seven chapters contain the introduction and
description of the helicopter, test procedures and test equipment.

Chapter B describes analyses of flight trajectories and metecrological
data and is documentary in nature. Chapter 9 delves into the areas of
acoustical propagation, helicopter directivity for static operations, and
variability In measured acoustical data over various propagation surfaces.
The analyses of Chapter 9 in some casss succeed in establishing
relationships characterizing the acoustic nature of the subject
helicopter, while in other instances the results are too variant and
anomalous to draw any firm conclusions. In any event, all of the analyses
provide useful insight to people working in the field of helicopter
environmental acousties, elther in providing a tool or by identifying

areas which need the illumination of further research efforts.

(48]




TEST HELICOPTER DESCRIPTION

2.0 Test Helicopter Description — The 5A 365N Pauphin 2 is a twin

turbin-powered transport helicopter capable of carrying eight passengers
and a crew of two. The helicopter is manufactured by Aerospatiale
Helicopter Corporation of Grand Prairle, Texas, and was certificated by
the FAA in November 1981, Standard features of the aircraft include a 177
cubic foot cabin with removable passenger seats, provision for air
conditioning and soundproofing, and a baggage compartment of approximately
56 cubiec fest. An additional feature of the aircraft is the fenestra, a
tail rotor encased in a shroud or duct and mounted in line with the

tailcone axis.

Besides the standard configuration, the helicopter is available in'a
special aeromedical version. The "intensive care” layout of this version
allows for transportation of two patients on stretchers, a doctor and
medical equipment., The "ambulance” layout allows for transportation of

four patients on stretchers, a doctor and equipment.

Selected operational characteristies, obtained from the helicopter

manufacturer, are presented in Table 2.1.

Table 2.2 presents a summary of the flight operational reference
parameters determined using the procedures gpecified in the International
Civil Aviation Organization (ICAD) noise certificarion testing
requirements. Presented along with the operational parsmeters are Che
altitudee that one would expect the helicopter to attain (referred to the
1CAO reference test sites). This information is provided so that Che
reader may implement an ICAD type data correction using the "As Meagsured™
data contained in this report. This report does not undertake such a

correction, leaving it as the topic of a subsequent report.




TABLE 2.1

HELICOPTER CHARACTERISTICS

HELICOPTER MANUFACTURER
HELICOPTER MOBEL

HELICOPTER TYPE

TEST HELICOFTER N-NUMBER
MAXIMUM GROSS TAKEQFF WEIGHT
NUMBER AND TYPE OF ENGINE(S)
SHAFT HORSE FPOWER (PER ENGINE)
MAXIMUM CONTINUOUS POWER

SPECIFIC FUEL CONSUMPTION AT
MAXTMUM POWER (LB/HR/HE)

NEVER EXCEED SPEED [UHE]

MAX SPEED IN LEVEL FLIGHT
WITH MAX CONTINUOUS. POWER EFH}

SPEED FOR BEST RATE OF CLIMB (Vy)

BEST RATE OF CLIMB

Aerospatialae Helicopter Corporation

SA 365N Dauphin 2

Single rotor

365 AH

B4BE 1bs (3850 ke)

2 Turbomeca ARRIEL 1C

710 HP

594 HP

85 LRS/HR/HP

175 KTS

150 KTS TAS @3850 kg Sea Level Standard

15KTS

1600 fpm

MAIN AND TAIL ROTOR SPECIFICATIONS

ROTOR SPEED (100%)
DIAMETER

CHORD

NUMBER OF BLADES
PERIPHERAL VELOCITY
DISK LOADING

FUNDAMENTAL BLADE PASSAGE
FRECUENCY

ROTATIONAL TIP MACH NUMBER (77°F)

MAIN TATL
365 rpm AT0R vpm
470 19 4 in (-9 m)
385mm (15.2 in) 1 71Hm,
4 13
748 fps 727 fps
2

707 1hs/ft

24 Hz 1020 Hz

. 6387 L6402




TABLE 2.2

S

ICAQ REFERENCE PARAMETERS

TARECFF APFROACH

AIRSPEED (KTS) e 75

LEVEL FLYOVER

135

RATE OF CLIMB/DESCENT (fpm) ;1600 794

CLIMB/DESCENT ANGLE (DEGREES) : 12.2° 69

A

ALTITUDE/CPA (FEET)
SITE 5 1 221/216 329/327
SITE 1 $955/947 394/392

SITE 4 : 461 /451 L46/4RT

SLANT RANGE' (FEET) TO

497

696

IBTTE R L __630

SITE 3 : 607 630







TEST SYNOPSIS

3.0 Test Synopsis — Below is a listing of pertinent details pertaining to

the execution of the helicopter tests.

1. Test Sponsor, Program Management, and Data Analysis: Federal
Aviation Administration, Office of Enviromment and Energy, Noise Abatement
Division, Noise Technology Branch (AEE-120).

2. Test Helicopter: SA 365N Dauphin 2, provided by Aerospatiale
Helicopter Corporation

3. Test Date: Monday, June 6, 1983

4., Test Location: Dulles International Airport, Runway 30 over-tun
ATEd .

5. Noise Data Measurement (recording), processing and analysis:
Department of Transportation (DOT), Transportatlon Systems Center (TSC),
Nolse Measurement and Assessment Facility.

f. MNoize Data Measurement (direct-read), processing and analaysis:
FAA, Noise Technology Branch (AEE-120).

7. Cockpit instrument photo documentation; photo—-altitude
determination system; documentary photographs: Department of
Transportation, Photographic Bervices Laboratory.

B. Meteorological Data (fifteen minute observations): National
Weather Service Office, Dulles International Airport.

9, Meteorological Data (radiosonde/rawinsonde weather balloon
launches): HNational Weather Service Upper Air Station, Sterling Park,

Virginia.




Flight Test and Noise Measurement Personnel
In Action

FIGURE 3.1




10. Meteorological Data (on site observations): DOT-TSC.

11, Flight Path Guidance (portable wvisual approach slope indicator
{VASI}) and theodolite/verbal course corrections): FAA Technical Center,
ACT-310.

12. A4ir Traffie Control: Dulles International Alrport Air Traffic
Control Tower.

13. Test site preparation; surveying, clearing underbrush, connecting
electrical power, providing markers, painting signs, and other physical
arrangements: Dulles International Airport Grounds and Maintenance, and

Airways Facilities personnel.

Figure 3.1 is a photo collage of flight test and measurement personnel

performing their tasks,

3.1 Measurement Facility - The noise msasurement testing area was located

adjacent to the approach end of Runway 12 at Dulles International Airport.
{The approach end of Runway 12 is synonymous with Runway 30 over-run
area,) The low ambient noise level, the availability of emergency
equipment, and the security of the area all made this location desirable.
Figure 3.2 provides a photograph of the Dulles terminal and of the test

area.

The test area adjacent to the runway was nominally flat with a ground
cover of short, clipped grass, approximately 1800 feet by 2200 feet, and
bordered on norcth, south, and west by woods. There was minimum
interference from the commercial and general aviation activity at the
airport since Runway 12/30 was closed to normal traffic during the tests.
The runways used for normal traffic, 1L and IR, were approximately 2 and 3

miles east, respectively, of the test site.




Figure 3.2

The Terminal and Air Traffic Control Tower
at Dulles International Airport

Approach to Rumway 12 at Dulles Noise
Measurement Site for 1983 Helicopter Tests




The flight track centerline was located parallel to Runway 12/30 between
the runway and the taxiway. The helicopter hover point for the static
operations was located on the southwest corner of the approach end of
Runway 12. Eight noise measurement sites were established in the grassy

area adjacent to the Runway 12 approach ground track.

3.2 E}crnphnne Locations — There were eight separate microphone sites

located within the testing area, making up two measurement arrays. Ome
array was used for the flight operations, the pther for the static
operations. A schematic of the test area is shown in Figure 3.3.

4. Flight Operations — The microphone array for flight operations

consisted of two sideline sites, numbered 2 and 3 in Figure 3.3, and three
centerline sites, numbered 5, 1, and 4, located directly below the flight
path of the helicopter. Since site number 3, the north sideline site, was
located in a lightly wooded area, it was offset 46 feet to the west to
provide sufficient clearance from surrounding trees and bushes.

B. Static Operations — The microphone array for static operations

consisted of sites 7H, 5H, 1H, 2, and 4H. These sites were situated
around the helicopter hover point which was located on the southwest
corner of the approach end of Runway 12. These site locations allowed for

both hard and soft ground—to-ground propagation paths.

4,3 Flight Path Markers and Guidance System Locations — Visual cues in

the form of squares of plywood painted bright yellow with a black "X" ‘iIn
the center were provided to define the takeoff rotation point. This point

was located 1640 feet {500 m) from centerline center (cLC) microphone
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FIGURE 3.3

Noise Measurement and Photo Site Schematic
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location. Four portable, battery-powered spotlights were deployed at
various locations to assist pilots in maintaining the array centerline.
To. provide wisual guldance during the approach portion of the test, a
standard visual approach slope Indicater (VASI) system was used. In
addicion to the wiszual guidance, the VASI crew also provided verbal
guidance with the aid of a theodolite. Both methods assisted the
helicopter pilot in adhering to the microphone array centerline and in
maintaining the proper approach path. The locactions of the VASI from CLC

are shown in the following tahle.

Approach Angle Distance from CLC
(degrees) {(feet)
12 1830
g 24586
o 3701
3 7423

Each of these locations provided a glidepath which crossed over the

centerline center microphone location at an altitude of 394 feet,
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FIGURE 3.4
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TEST PLANNING AND BACKGROUND

4.0 Test Planning/Background Activities — This section provides a brief

discussion of important administrative and test planning activities.

4.1 Test Program Advance Briefings and Coordination - A pre-test briefing

was conducted approximately one month prior to the test. The meeting was
attended by all pilots participating inm the test, along with FAA program
managers, manufacturer test coordinators, and other key test participants
from the Dulles Adrport community, During this meeting, the airspace
safety and communications protocol were rigorously defined and at the same
time test participants were able to iron out logistical and procedural
details. On the morning of the test, a final brief meeting was convened
on the flight line to review safety rules and coordinate last-minute

changes in the test schedule.

4,2 Communications Network — During the helicopter nolse measurement

test, an elaborate communications network was utilized to manapge the
varipus systems and crews. This petwork was headed by a central group
which coordinated the cesting using three two-way radio systems,

designated as Radios I-13.

Radio | was a walkie talkie system operating on 169.275 MHz, providing
communications between the VASI, National Weather Service, FAA Acoustic
Measurement crew, the TSC acoustic team coordinator, and the noise test

coordinating team.

Radio 2 was a second walkie talkie system operating om 170.40 MHz,
providing communications between the TSC acoustic team coordinator and the

TSC acoustic measurement CLeamsS.
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Radio 3, a multi-channel transceiver, was used as both an alr-to-ground
and ground-to—-ground communications system. In air-to-ground mode it
provided communications between VASI, helicopter flight crews, and noise
test control on 123.175 MHz. In ground-to—ground mode it provided
communications between the air traffic control tower (121.9 MHz), Page

Avijet (the fuel source) (122,95 MHz), and noise test control.

A schematic of this network is shown. in Figure 4.1.

4.3 Local Media Notification - Noise test program managers working

through the FAA Office of Public Affairs released an article to the loeal
media explaining that helicopter nolse tests were to be conducted at
Dulles Adrport on.June 6 the test day commencing arcund dawn and extending
through midday. The article described general test objectives, flight
paths, and rationale behind the very early morning start time {low wind
requirements). In the case of a farm located very close to the airport, a
member of the program management team personally visited the residents and
explained what was going to be involved in the test. As a consequence of
these efforts (it is assumed), there were very few complaints about the

test program.

4.4 Ambient Noise — One of the reasons that the Dulles Runway 30 over-run

area was selected as the test site was the low ambient noise level in the
area, Typically one observed an A-Weighted LEQ on the order of 45 dB,
with dominant transient noise sources primarily from the avian and insect
families. The primary offender was the Collinus Virginianus, commonly

known as the bobwhite, gquail, or partridge. The infrequent intrusive




sound pressure levels were on the order of 55 dB centered in the 2000 Hz

ane-third cctave band.

As an additional measure for safety and for lessening ambient noise, a
Notice to Airmen or NOTAM was issued advising aircraft of the noise test,

and indicating that Runway 12/30 was closed for the duration of the test.
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DATA ACQUISITION AND GUIDANCE SYSTEMS

5.0 Data Acquisition and Guidance Systems — This sectien provides a

detailed deseription of the test program data acquisition systems, with
‘special attention given to documenting the operational accuracy of each
system. In addition, discussion is provided {as needed) which relates
field experiences which might be of help to others engaged in controlled
helicopter noise measurements. In each case, the location of a given
measurement system is described relative to the helicopter flight

path.

5.1 Approach Guidance System — Approach guidance was provided to the

pllot by means of a visual approach slope indicator (VASI) and through
verbal commands from an ohserver using a2 hallon-tracking theodolite. (A
picture of the theodolite is included in Figure 3.1, in Section 3.0.) The
VASI and theodolite were positioned at the point where the approach path

intercepted the ground.

The VASI system used In the test was a 3-light arrangement giving vertical
displacement information within +0.5 degrees of the reference approach
slope. The pilot observed a green light if the helicopter was within 0.3
degrees of the approach slope, red if below the approach slope, white if
above. The VASI was adjusted and repositioned Lo provide a variety of
approach anglas. A picture of the VASI is included in Figure 3.1, in

Section 3.0.

The theodolite system, used in conjunction with the VASI, alsp provided
accurate approach guidance to the pilot. A brief time lag existed between
the instant the theodolite observor perceived deviationm, transmicted a
command, and the pilot made the correction; however, the theodolite crew
was generally able to alert the pilot of approach path deviations (slope
and laceral displacement) before the helicopter excesded the limits of the

one degree green light of the VASI. Thus, the helicopter only

13




TABLE 5.1

REFERENCE HELICOPTER ALTITUDES FOR AFFROACH TESTS
{211 distances expressed in feet)

MICROPHONE MICROPHONE MICROPHONE
NO. & NO. 1 NO. 5
AFPROACH A4 = 2010 L = 7518 A = TD26
ANGLE = 3% B = 420 B = 394 B-= 368
€= +70 C = 466 €= 4682
& & = 4247 & = 3749 A=-3257
B = 446 B = 394 Bi= 342
C = =37 €= +33 C= +29
g° & = 2980 A = 2488 A = 1362
B = 472 B = 394 B = 316
C = :ET €= 322 C= +18

A& = distance from VASI to microphone location
B = reference helicopter altitude

C- = boundary of the 1 degree VASI glide slope
"beam width".

20




occasionally and temporarily deviaced more rthan 0.5 degrees from the

reference approach path.

Approach paths of 6 and 9 degrees were used during the test program.
Table 5.1 summarizes the VASI beam width at each measurement location for

a variety of the approach angles used in this test,

5.2 Photo Altitude Determination Systems — The helicopter altitude over a

given microphone was determined by the photographic technique described in
the Society of Automotive Enginsers report ATR-902 (ref. 1). This
technique involves photographing an aircraft duripg a flyover event and
proportionally scaling the resulting image with the known dimensions of
the aircraft, The camera is initially calibrated by photographing a test
object of known size and distance, Measuring the resulting image enables
caleculation of the effective focal length from the proportional

relationship:

(image length)/(object length)=(effective focal length)/(object distance)

This relatiomship Is used to calculate the slant distance from mlcrophone
to aircrafr. Effective focal length is determined during camera
calibration, object length is determined from the physical dimensions of
the aircraft (typically the rotor diameter or fuselage) and the image size
is measured on the photograph. These measurements lead to the calculation
of object distance, or the slant distance from camera or microphone to
aireraft., The concept applies similarly to measuring an image on a print,

or measuring a projected image from a slide.

)




Figure 5.1

Photo Overhead Positioning System
(Pop System)
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The SAE AIR-902 technique was implemented during the 1983 helicopter tests
with three 35mm single lens reflex (SLR) cameras using slide film. A
camera was positionmed 100 feet from each of the centerline microphone
loearions, Lenses with different focal lengths, each individually
calibrated, were used in photographing helicopters at differing altitudes
in order to more fully "Fill the frame" and reduce Image measurement

ELTOT

The photoscaling technique assumes the alrcraft is photographed directly
overhead, Although SAE AIR-902 does present equations Co account for
deviations caused by photographing too scon or late, or by the alrcraft
deviating from the centerline, these corrections are not regquired when
deviations are small, Typically, most of the deviations were acoustically
insignificant. Consequently, corrections were not required for any of the

1983 test photos.

The photographer was aided in estimating when the helicopter was directly
overhead by means of a photo-overhead positioning system {POPS) as
f1lustrated in the Figure and pictures in Figure 5.1 The POP system
consisted of two parallel (to the ground) wires in a vertieal plane
orthogonal to the Elight path. The photographer, lying bensath the POF
system, initially positioned the camera to coincide with the vertieal
plane of the two guide wires. The photographer tracked the approaching
helicopter in the viewfinder and tripped the shutter when the helicopter
crossed the superimposed wires. This process of tracking the helicopter
3lsn minimized image blurring and the consequent elongation of the imape

of the fuselage.




A scale graduated in 1/32-inch increments was used to measure the
projected image. This scaling resclution translated to an errer in
altitude of less than one percent. A potential error lies in the scaler's
interpretation of the edge of the image, In an effort to guantify this
error, a test group of ten individuals measured a selection of the
fuzziest photographs from the helciopter tests. The resulting statistics
revealed that 2/3 of the participants were within two percent of the mean
altitude. SAE ATR-902 indicates that the overall photoscaling technique,
under even the most extreme conditions, rarely produces error exceeding

12 percent, which is equivalent to a maximum of 1 dB error in corrected
sound level data. Actual accuracy varies from photo to photo; however, by
using skilled photographers and exercising reasonable care in the
measurements, the accuracy is good enough to ignore the resulting small

error in altitude,

5.3 Cockpit Photo Data — During each flight operation of the test

program, cockpit instrument panel photographs were taken with a 35mm SLR
camera, with an 85mm lens, and high speed slide film. These pictures
served as verification of the helicopter's speed, altitude, and torque at
a particular point during a test event. The photos were intended to be
taken when the aircraft was directly over the centerline-center microphone
site, site #1 (see Figure 3.3). Although the photos were not always taken
at precisely that point, the pictures do represent a typfcal moment during
the test event. The word typical is important because the snapshot
freezes instrument readings at one moment in time, while actually the
readings are constantly changing by a small amount hecause of instrument
fluctuation and pilot Input. Thus, fluctuaricons above or below reference
conditions are to be ancicipaced. A reproduction of a typical cockpit

photo is shown in Fipure 5.2. The use of a video tape system is being




considered for future tests to acquire a continuous record of cockpit
parameters during each data run., Preliminary FAA studies (April 1984)
indicate that this technique can be most successful using off the shelf
equipment. When slides were projected onto a screenm, it was possible to
read and record the instrument readings with reasonable accuracy. This
data acquisition system was augmented by the presence of an experienced
cockplt observor who provided additional documentatien of operational

parameters.

FIGURE 5.2

5.4 Upper Air Meteorological Data Acquisition/NWS: Sterling, VA - The

National Weather Service (NWS) at Sterling, Virginia provided upper ailr
meteorological data obtained from balloon-horne radiosondes. These data
consisted of pressure, temperature, relative humidity, wind direccion, and
speed at 100" intervals from ground level through the highest test
altitude. The balloons were launched approximately 2 miles north of the
measurement array. To slow the ascent rate of the balloon, an inverted
parachute was attached to the end of the flight train. The VIZ Accu-Lok

{manufacturer) radlosonde employed in these tests conslsted of sensors




which sampled the ambient temperature, relative humidity, and pressure of
the air, Each radiosonde was individually calibrated by the manufactursr.
The sensors were coupled Lo a radio transmitter which emitted an RF signal
of 1680 MHz sequentially pulse-modulated at rates corresponding to the
values of sampled meteorological parameters. These signals were received
by the ground-based tracking system and converted into a continuous trace
on a strip chart recorder. The levels were then extracted manually and
entered into a minicomputer where calculations were performed. Wind
speed and direction were determined from changes in position and divection
of the "flight train" as detected by the radiosonde tracking system.

Figure 5.3 shows technicians preparing to launch a radiosonde.

FIGURE 5.3




The manufacturer's specifications for accuracy are;
Pressure = +4 mb up to 250 mb
Temperature = +0.5°C, over a range of +30°C to -30°C

Humidity = +5% over a rtange of +25°C to 5°C

The National Weather Service has determined the “"operational accuracy” of
a radiosonde (as decumented in an unpublished report entitled "Standard

for Weather Bureau Field Programs”, 1=1-67) to be as follows:

Pressure = +2 mb, over a range of 1050 - 5 mb
Temperature = +1°C, over a range of +50°C to -70°C

Humidity = +5% over a range of +40°C to -40°C

The temperature and pressure data are considered accurate enmough for
general documentary purposes., The relative humidity data are the least
reliable. The radiosonde reports lower than actual humidities when the
air is near saturation. These inaccuracies are attributahble to the slow

response time of the humidity sensor to sudden changes. (Ref. 2).

5.5 Surface Meteorological Data Acquisition/NWS: Dulles Alrport — The

Mational Weather Service Station at Dulles provided temperature,
windspeed, and wind direction on the test day. Readings were noted every
15 minures. These data are presented in Appendix H. The temperature
transducers were located approximately 2.5 miles east of the test site at
a height of 6 feet (1.8 m) above the ground, the wind instruments were at
a height of 30 feet (10 m) above ground level. The dry bulb thermometer
and dew point transducer were contained in the Bristol (manufacturer)
HO-61 system operating with + one degree accuracy. The windspeed and
direction were measured with the Electric Speed Indicator {manufacturer}
F4200C System, operating with an accuracy of 1 knot and +5° (maximum

Error).
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On-site meterological data were also ohtained by TSC personnel using a
Climatronics (manufacturer) model EWS weather system. The anemometer and
Cemperature sensor were located 10 feet above ground level at noise

site 4, These data are presented in Appendix’ I. The following table

identifies the accuracy of the individual components of the EWS

E¥stem,
Sensor Accuracy Range Time Constant
Windspeed +.025 mph 0=100 mph 5 sec
or 1.5%

Wind +1.5% 0-360° Mech 15 sec
Direction 0=540% Elect

Relative +2% 0-100% RH 10 sec
Humidity 0-100% RH

Temperature +1.0°F -40 to +120°F 10 sec

After "detection” (sensing), the meteorological data are recorded on a
Rustrak (manufactursr) paperchart recorder. The following table

identifies the range and resolutions associated with the recording of each

parameter.
Sensor Range Chart Resolutiom
Windspeed 0-25 TS5C mod +0.5 mph
0=50 mph
Hind 0-540° 55
Direction
Relative 0-100% BH +2% RH
Humidicy
Temnperature =40° to 120°F +1°F

5.6.0 HNoise Data Acquisition Sytems/System Deployment — This section

provides a detailed description of the acoustical measurement systems
employed in the test program along with the deployment plan utilized in

each phase of resting,




5.6.,1 Description of TSC Magnetic Recording Systems — TSC personnel

deployed Nagra two—channel direct-mode tape recorders. WNoise data were
recorded with essentially flat frequency response on one channel. The
same input data were weighted and amplified using a high frequency
pre-emphasis filter and were recorded on the second channel. The
pre—emphasis network rolled off those frequencies below 10,000 Hz ac 20 dB
per decade. The use of pre—emphasis was necessary in order to boost the
high frequency portion of the acoustical signal (such as a helicopter
spectrum) characterized by large level differences (30 to A0 dB) between
the high and low frequencies. Recording gains were adjusted so that the
best possible signal-to-noise ratio would be achieved while allowing
enough "head room" to comply with applicable distortion avoldance

requirements.

IRIG-B time code synchronized with the tracking time base was recorded on
the cue channel of each system. The typical measurement system consisted
of a General Radio 1/2? ineh electret microphone oriented for grazing
{incidence driving a General Radioc P-42 preamp and mounted at a height of
four feet (1.2 meters). A 100-foot (30.5 meters) cable was used between
the tripod and the instrumentation vehicle located at the perimeter of cthe
test circle, A schematic of the acoustical instrumentaticn is shown in

Fipure 5.4.

Figure 5.4 also shows the cutaway windscreen mounting for the ground
microphone, This configuration places the lower edge of the mi:rcphone
diaphram approximately one-half inch from the plywood (4 ft by 4 ft)
surface, The ground microphone was located off center in order to avoid

natural mode resonant vibrationm of the plywood square.
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5.6.2 FAA Direct Read Measurement Systems — In addition to the recording

systems deployed by TS8C, four direct read, Type-l noise measurement
systems were deployed at selected sites. Each noise measurement site
consisted of an identical microphone-preamplifier system comprised of a
General Radio 1/2-inch electret microphone (1962-9610) driving a General
Radio P-42 preamplifier mounted 4 feet (1.2m) above the ground and
oriented for grazing incidence. Each microphone was covered with a 3-inch

windscreen,

Three of the direct read systems utilized a 100-foot cable comnnecting the
microphone system with a General Radio 1988 Precision Integrating Sound
Level Meter (PISLM). In each case, the slow response A-weighted sound
level was output to a graphic level recorder (GLR). The GLRs operated at
a paper transport speed of 5 centimeters per minute (300 em/hr). These
systems collected single event data consisting of maximum A-welghted Sound
Level (AL), Sound Exposure Level (SEL), integration time (T), and

equivalent sound level (LEQ).

The fourth microphone system was connected to a General Radio 1981B Sound
Level Meter. This meter, used at site 7H for static operations only,
provided A-weighted Sound Level values which were processed using a micro

sampling technlique to determine LEQ.

All instruments were calibrated at the beginning and end of each rest day
and approximately every hour in between. A schematic drawing of the basic

direct read system is shown in Figure 5.5.
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5.6.3 Deployment of Acoustical Measurement Instrumentation - This sectiom

describes the deployment of the magnetic tape recording and direct read

nolse measurement systems.

During the resting, TS5C deployed six magnetic tape recording systems.
During the flight operatlons, four of these recording system were located
at the three centerline sites: one system at site 4, one at site 5, and
two at centerline center with the microphone of one of those systems at 4
feet above ground, the microphone of the other at ground level. The two
remaining recording systems were located at the two sidelines sites. The
FAA deployed three direct read systems at the three centerline sites
during the flight operations. Figure 5.6 provides a schematic drawing of

the equipment deployment for the flight operations.

In the case of static operations, only four of the six recorder systems
weré used, The recorder system with the 4—foot microphone at site 1 moved
to site 1H. The recorders at sites 4 and 5 moved to 4H and 5H
respectively. The recorder at site 2, the south sideline site, was also
used. The three direct read systems were moved from the centerline sites
to sites 5H, 2, and 4H. The fourth direct read system was employed at
site 7H, Figure 5.7 provides a schematic diagram of the equipment

deployment for the static operations,
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ACOUSTICAL DATA REDUCTION

6.0 Acoustical Data Reduction — This section describes the treatment of

tape recorded and direct read acoustical data from the point of
acquisition to point of entry into the data tables shown in the appendices

of this document.

6.1 TSC Magnetic Recording Data Reduction — The analog magnetic tape

recordings analyzed at the TSC facility in Cambridge, Massachusetts were
fed into magnetic disc storage after filtering and digitizing using the
GenRad 1921 one-~third octave real-time analyzer. Recording system
frequency response adjustments were applied, assuring overall linmearity of
the recording and reduction system. The stored 24, one-third octave sound
pressure levels (SPLs) for contiguous ome-half second integration periods
making up each event comprise the base of "raw data.” Data reduction
followed the basiec procedures defined in Federal Aviation Regulation (FAR)
Part 36 (Ref. 3). The following sections describe the steps involved in

arriving at final sound level wvalues.

f.l.1 smbient Noise = The ambient noise is considered to consist of both

the acoustical background noise and the electrical noise of the
measurement system. For each event, the ambient level was taken as the
five to ten-second time averaged one-third octave band taken immediately
prior to the event. The ambient noise was used to correct the measurad
raw spectral data by substracting the ambient level from the measured
noise levels on an energy basis. This substraction yielded the corrected

noise level of the aircraft. The following execptions are noted:

l. At pne-third gctave frequencies of 630 Hz and below, 1if the
measured level was within 3 dB of the ambient level, the measured level
was corrected by being set equal to the ambient, If the measured level

was less than cthe ambient level, the measured level was not corrected.

3T




2. At one—third cetave frequenciess above 630 Hz, if the measured
level was within 3 dB or less of the ambient, the level was identified as

“masked,”

6.1.2 GSpectral Shaping - The raw spectral data, corrected for ambient

noise, were adjusted by sloping the spectrum shape at -2 dB per one-third
octave for those bands (above 1.25 kHz) where the signal fo neolse ratio
was less than 3 dB, i.e., "masked” bands. This procedure was applied in
cases involving no more than 9 "masked” one-third octave bands. The
shaping of the spectrum over this 9-band range was conducted to minimize
EPNL data loss, This spectral shaping methodology deviates From FAR-136
procedures in that the extrapolation includes four more bands rthan

normally allowed.

6.1.3 Analysis System Time Constant/Slow Response — The corrected raw

spectral data (contiguous linear 1/2 second records of data) were
processed using a sliding window or weighted running logarithmic averaging
procedure to achieve the "slow” dynamic response equivalent to the "slow
response” characteristic of sound level meters as required under the
provisions of FAR-36. The following relationship using four consecutive
data records was used:
G.ILL*

- : 0. =2, B G s Ok
L. = 10 Log [0.313010; J}+E].?1{1f].‘ 1 Sl BT e el B T T |

I

where L; is the one-third octave band sound pressure level for the ith

cne-half second record number.

6.1.4 Bandsharing of Tones — All calculations of PNLTM included testing

for the presence of band sharing and adjustment in accordance with the

procedures defined in FAR-36, Appendiz B, Section B 36.2.3.3, (Ref, 4).




b.1.5 Tone Corrections — Tone correctlons were computed using the

helicopter acoustical spectrum from 24 Hz to 11,200 Hz, (bands 14 through
40), 'Tone correction values were computed for bands 17 through 40, the
game set of bands used in computing the EPNL and PNLT. The initiation of
the tone correction procedure at a2 lower frequency reflects recognitiom of
the strong low frequency tonal content of helicopter noise. This
procedure is in accordance with the requirements of ICAO Annex 16,

Appendix 4, paragraph 4.3. (Ref. 3)

6.1.6 Other Metrics — In addition to the EPNL/PNLT family of metrics and

the SEL/AL family, the overall sound pressure level and 10-dB down

duration times are presented as part of the "As Measured” data set in
Appendix A, Two factors relating to the event rime history {(distance
duration and speed corrections, discussed in a later section) are also

presented.

6.1.7 Spectral Data/Static Tests — In the case of static operations,

thirty-two seconds of corrected raw spectral data (64 contiguous 1/2
second data records) were energy averaged to produce the data tabulated in
Appendix C. The spectral data presented 1s "as measured” at the emission
angles shown in Figure 6.1, established relative to each microphone
location. Also included in the tables are the 360 degree (eight emission
angles) average levels, calculated by both arithmetic and energy

averaging.

Note that "masked” levels (see Section 6.1.1) are replaced in the tables
of Appendix C with a dash (=). The indexes shown, however, were

calculated with a shaped spectra as per Section 6.1.2.
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6.2 FAA Direct Read Data Reduction — FAA direct read data was reduced

using the Apple 1le microcomputer and the VISICALC® software package.
VISICALDO® is an electronic worksheet composed of 256 x 256 rows and
columns which can support mathematical manipulation of the data placed
anywhere on the worksheet. This form of computer seftware lends itself
to a variety of data analyses, by means of constructing templates
(worksheets constructed for specific purposes). Data files can be
constructed to contain a variety of information such as noise data and
position data using a file format called DIF (data interchange

format).

Data analysis can be performed by loading DIF files onto analysis
templates, The output or results can be displayed in a format suitable
for inclusion in reports or presentations. Data tables generated using
these techniques are contained in Appendices B and D, and are discussed in

Section 9.0.

6.2.1 Adrcraft Position and Trajectory — A VISICALC® DIF file was created

to contain the photo altitude data for each event of each test series for
the test conducted. These data were input into a VISICALCO template
designated HELO ALT. The template HELO ALT was designed to perform a
J-point regression through the photo altitude data from which estimates of

aircraft alritudes could be determined for each microphone location.

6.7.2 Direct Read Noise Data — HELO NOISE was designed to take two

VISICALC® DIF files as input. The first contained the "as measured”
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noise levels SEL and dBA obtained from the FAA direct read systems and the
10-dB duration time cobtained from the graphiec level recorder strips, for

each of the three microphone sites.

The second consisted of the estimates of alrcraft altitude over three
microphone sites. HELO NOISE performed calculations to determine two
figures of merit related to the event duration influences on the SEL
energy dose metric., This analysis is described in Section 9.4. All of

the available HELO NOISE output templates are presented in Appendix B.
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TEST SERIES DESCRIPTION

7.0 Test Series Description — The noise-flight test operations schedule

for the Aerospatiale 3658 Dauphin consisted of twe major parts,

The First part or core test program included the ICAD certification test
operations (takeoff, approach, and level flyover) supplemented by level
flyovers at various altitudes (at a constant alrspeed) and at various
airaspeeds (at a constant altitude). In addition to the ICAO takeoff
operation a second takeoff flight series was Included in which takeoffs
were initiated from a hover taxi. An alternative approach operatlon was
also included, utilizing a nine degree approach angle to compare with the

six degree ICAD approach data.

The second part of the test program consisted of static operations
designed to assess helicopter directivity patterns and examine

ground-to—ground propagation.

The following paragraphs describe the Dauphin test schedule by “rest
saries”, each test series representing a group of similar events. Each
doise event is iden-ified by a letter prefix, corresponding to the
appropriate test serles, followed by a number which represents the
numerical sequence of event (i.e., Al, A2, A3, A, BS, Bbi.seefca). In
some cases the actual order of test series may not follow alphabetically,
as a D1, D2, D3, D4, E5, E6, EB, H9, HIO, Hll,... etc.). In the case of
static operations the individual events are reported by the acounstical
emission angle referenced to each individual microphone location (i.e.,
J120, J165, J210, J255, J300, J345, JO30, J73). In each of the paragraphs
below, the “test target" operational paramefers are specified. Actual

data run parameters are specified in the appendices of this document.




Test Series A: Runs Al through Al0O, This series consisted of level
flyovers at a target altitude of 500 feet (152.4 meters) above ground
level (AGL), at a target airspeed equal to 135 knots, 90 percent of

Vihs

Test Series B: Runs Bll through Bl4. This series consisted of level
flyovers at a target altitude of 500 feet AGL (152.4 meters) at a target

airspeed of 120 knots, 80 percent of V.

Test Series C: Runs Cl5 through C€20. This series consisted of level
flyovers at a target altitude of 500 feet AGL (152.4 meters), at a target

airspeed of 105 knots, 70 percent of Vy,

Test Series D: Runs D21 through D25, This series consisted of level
flyovers at a target altitude of 1000 feet AGL (304.3 meters), at a target

airspeed of 135 knots, 90 percent of Vy.

Test Series E: Runs EZ6 through E33. This test series reflects ICAD
certification takeoff test requirements. All takeoff operations wee flown
In the 300 degree direction, passing first over site 5, then sites 1 and
4. The airspeed requirement stipulates a constant velocity equal to Vy,

which is 75 knots for the Dauphin.

Test Series F: Runs F34 through F36 and F46 through F52. This cest
series consisted of approach operations flown on a magnetic heading of 120
degrees., The helicopter passed over sites 4, 1, and 5 in succession.

This series reflects ICAO operational requirements, which stipulate a six
degree approach path at a constant target airspeed of 75 knots (Vy, speed

for the best rate of climb).




Test Series G: Runs GA37 through GA40 and runs GB4l through GB4G. The GA

series consisted of direct climb takecffs for the best rate of £limb from

5-foot hover position. The GB series consisted of takeoffs for the best

angle of climb from a 5-foot hover pesition.

Test Series H: Runs H52 through H536. This test series counsisted of 9
degree approaches conducted at a constant target airspeed of 75

knots.

Test Series I: Hover—in-ground effect; skid height approximately five
feet above ground level. A one-minute sample of noise data was acgquired

for each of eight directivity angles.

Test Series J: Flight idle operations; skids on ground. A one-minute

noise sample was acguired for each of eight directivity angles.

Test Series K: Hover—out-of-ground effect; skid height approximately 70
feet (21.3 meters). A one-minute sample of noise data was acquired for

each of eight directivity angles.
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TABLE 7.1
TEST SIMMARY

Operational Deseription

500" LFO IAS = 135 KIS

500" LFO IAS = 120 KTS

500" LF0 IAS = 105 KTS
1000' LFO IAS = 135 KIS

ICAO Takeoff
6 Deg 1CAQ Approach
Direct climb takeoff (Best rate of climb)
Direct climb takeoff (Best angle of climb)
9 Deg App I1AS = 75 KT$

Static (Hover-in-ground effect)

Static (Flight Idle)

Static '(-anE‘t—but*h‘fﬁgr&uﬂd! effect)




DOCUMENTARY ANALYSES

B.0 Documentary Analyses/Processing of Trajectory and Meteorological

Data = This section contains analyses which were performed to document
the flighr path trajeccory and upper air metecrological characteristics

{as a function of time) during the Dauphin test program.

8.1 Phote-Altitude Flighr Pach Trajectory Analyses — Data acquired from

the three centerline photo-altitude sites were processed on an Apple Ile
microcomputer using a VISICALC® (manufacturer) electronic spread sheet
template developed by the authors for this specific application. The
scaled photo-altitudes for each event (from all three photo si;es} WELE
entered as a single data set. The template operated on these data,
calculating the straight line slope in degrees between the helicopter
position over each pair of sites. In addition, a linear regression
analysis was performed in order to create a straight line approximation to
the actual flight path. This regression line was then used to compute
estimated altitudes and CPA's (Closest Point of Approach) referenced to
each microphone location (Note: Photo sites were offset from microphone
sites by 100 feet). The results of this analysis are contained in the

tables of Appendix F.

Discussion — While the photo-altitude data do provide a reasonable
deseriprion of the helicopter trajectory and provide the means to effect
distance corrections to a reference flight path (not implemented in this

report), there is the need to exercise caution in interprecation of the




data, 'The following excerpt makes an important point for those trying to
relate the descent profiles (in approach test series) to resulting
deoustical data.
In our experience, attempts by the pilot to fly down a very narrow
VASI beam produce a continuously varylng rate of descent. Thus while
the mean flight path is maintained within a reasonzble degree of test
precision, the rate of descent (important parameter connected with
blade/vortex interactions) at any instant in time may vary much more
than during operational flying. (Ref. 6)
Further, care is necessary when using the regression slope and the
regression estimated altitudes; one must be sure that the site-to-site
slopes are similiar (approximate constant angle) and that they are in
agreement with the regression slope, If these slopes are not in

agreement, then use photo altitude data along with the site-to-site slopes

In ecaleculating altitude over microphone locations.
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B.2 Upper Air (500-2Z000 ft) Meteorological Data — This section documents

the coarse variation in upper air meteorological parameters as a function

of time for the June 6 test program.

The National Weather Service office: in Sterling, Virginla provided
preliminary data processing resulting in rthe data tables shown in
Appendix H. Supplementary analyses were then undertaken to develop time
histories of various parameters over the perlod of testing for selected
altitudes. Each time history was constructed using least square linear
regression techniques for the five available data points (one for each
launch). The plots attempt to represent the gross (macro) meteorological

trends over the test period.

Eiﬂi — An examination of the wind data shown in Figures 8.1 and 8.2 shows
that at 500 and 1000 feet the cross wind components remained relatively
stable, ranging from 6 to 9 knots and gradually decreasing as the day
progressed. At the 2000 foot level the wind speed increased from 10 to 15
knots between 5:00am and 9:00am. This, however, would not have affected

the flight of the helicopter because operations were conducted below

1100 feet AGL.

During the takeoff operations, between 6:30am and 8:00am, there was a tail
wind of 5 to 10 knots at the 500 Eootr level, which then increased to
between 13 and 15 knots at the 1000 foot level. Ar the 2000 foot lavel

the wind shifted 180 degrees at a strength of approximately 14 knots.

During the approach operations, between 8:00am and 9:00am there was a
glight headwind of &4 to 5 knots from ground to 500 feer ALG. The wind
increased at the 1000 foot and 2000 foot levels to 12 knots, but -at 2000
feet it shifted 1B0D degrees. This shift in wind direction had no effect

on the test as all approach operations were conducted at lower altitudes.
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Temperature — In Figure 8.3, which presents the time history analysis for

temperature, ong can observe nearly constant temperatures at 1000 and 2000

feer above ground and a gradual warming trend at 500 feet,

At pround

level there was a gradual increase in temperature between 5:00am and

3:(i0am, from 13 to 19 degrees C,

The plot in Figure 8.3 shows a

temperature inversion between the ground and the 1000 foor lewvel which

persisted through out the flight operation portion of the test. The

strength of the inversion was characterized by a 5° (or less) difference

between temperature in the ground and at 300 feet ACL.




Relative Humidity - As shown in Figure 8.4, relative humidity decreased

12% at the 500 foot level between 5:00am and 8:00am.

This decrease can be

actributed to the burn off of the early morning surface moisture and the

dissipation of the inversion layer.

During the flight operations the

relative humidity remalnded at a nearly constant level of BOZ.

As shown in ARF-866A, the relative humidity wvalues paired with the

temperature values, for the time period of 5:00am to 9:00am, resulted in a

0.2dB correction for the 125Hz frequency band.
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Discussion - In the context of a noise measurement/flight test one
attempts to aveld so-called anomalous meteorological conditions, (see ref.
3) a concept that is difficult to define. In the initial paragraphs of
this section, the topic of atmospherie absorption was addressed,

concluding with a statement about the apparent stability in values,

Although the reasons behind the requirement to avoid "anomalous
conditions” arose from concerns involved with atmospherie absorption, one
might extend the requirement to include concerns for smooth flight, and
normal attitudinal operation of the helicopter. While extreme cross wind
components and/or strong shifts in wind in the vicinity of the test site
might suggest the presence of buffeting or turbulance, it is primarily the
pilot's reported ease or difficulty in flying the helicopter which
identifies a potential problem. While the data do suggest the presence of
variation in wind speed and direction, they do not connote an extreme

condition which might lead ro concern.

As a final note, the influence of wind on blade-vortex interactions (a
strong function) cannot be completely addressed using the data presented
in this section. Rather, it is necessary to acquire data virtually
concurrent with the flight operations and in very close proximity to the
test helicopter. It is anticipated that future tests will employ tethered

balloon systems deployed in close proximity to the test area.
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EXPLORATORY ANALYSES AND DISCUSSIONS

9.0 Exploratory Analyses and Discussion - This section is comprised of a

series of distinct and separate analyses of the data acquired with the
Aerospatiale Dauphin test helicopter. In each analysis section an
introductory discussion is provided describing pre-processing of data
(beyond the basic reduction previously described), followed by
presentation of either a data table, graph(s), or reference to appropriate
appendices. Each section concludes with a discussion of salient results

and presentation of conclusions.

The following list identifies the analyses which are contained in this

section.

9.1 Variation in neise levels with airspeed for level flyover
operations

9,2 &Static data analysis: source directivity and hard vs. soft
propagation characteristics

9.3 Comparison of nolse data: 4-foot vs. ground microphones

9.4 Duration effect analysis

9.5 Analysis of wvariability in noise levels for two sites
equidistant over similar propagation paths

9.6 Variation in noise levels with airspeed and rate of descent for
approach operations

9.7 Analysis of ground-to—ground acoustical propagation for a
nominally soft propagatlon path

9.8 Adr-to-ground Acoustical propagation Analysis




9,1 Variation in Noise levels with Alrspeed for Level Flyover

Operations — This section analyzes the variation in noise levels for
level flyover operations as a function of airspeed. Data acquired from
the centerline-center location (site 1) magnerie recording system have
been utilized in this analysis., ALl data are "as measured", uncorrected

for the minor variations in altitude from event to event.

The data scatter plotted in Figures 9.1 through 9.4 represent individual
noise events for each acoustiecal metric. The line in each plot links the

average observation at each target airspeed.

Discussion = The plots show the general trend that can be expected with an
increase in airspeed during level flyover operations. It has haen
observed that as a helicopter increases its airspeed, two

acoustically related events take place. First, the noise event duration
is decreased as the helicopter passes more guickly. Second, the source
acoustical emission characteristics change. These changes reflect the
aerodynamic effects which accompany an increase in speed. At speeds
higherc than the speed for minimum power, the power required increases with
an increase in airspeed. These influences lead to a

noise intenslty versus airspeed relationship generally approximated by a
shallow parabolic curve. A steep upturn in noise level can oceur at
higher speeds as a consequence of Increasing advancing blade tip Mach

number effects, which in rurn generate impulsive noise.




Noise versus airspeed plots are shown for various acoustical metrics in

Figures 9.1 through %.4. Each of these unremarkable plots display a very

weak sensitivity for the range of airspeeds considered.

It is likely that

the curve would gradually turn upward if higher airspeed data were added.
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Y,2 Static Operations: Analysis of Source Directivity and Hard vs. Soft

Path Propagation Characteristics - This analysis is comprised of two

principal components. First, the plots shown in Figures 5.5 through 9.7
depict the time averaged directivity patterns for varicus static
operations for measurement sites located equidistant from the hover point.
The second component involves the fact that one of the two sites lies
geparated from the hover point by a hard asphalt surface, while the other
gite is separated from the hover point by a soft grassy surface. The
difference in the propagation of sound over the two disparate surfaces is
reflected in the difference between the upper and lower curves in each

plot.

Time averaged (approximately 60 seconds) data are shown for acoustical
emission directivity angles (see Figure 6.1) established every 45 deprees
from the nose of the helicopter (zero degrees), in a clockwise fashion.
Data plotted in these figures can be found in Appendix C for microphones

5H and 2.

Discussion — The plots contained in this analysis dramatically portray the
directive nature of the Aerospatiale Dauphin acoustical radiation pattern
for static operations. Further, this analysis reveals a spacially
averaged difference of 3 to 6 dB in sound levels for sites located 500
feet from a helipad, with one site over a soft surface and the other over
a hard surface. Another significant observation is the marked dip
observed in the radiation pattern off the right side of the helicopter.

In each case discussed below, observations concerning noise impact and
acceprability are based on consideration of typical urban/community

ambient noise levels and the levels of urban transportation noise sources.
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In general, the interpretation of environmental impact requires careful
consideration of the ambient sound levels in the vicinity of the specific

heliport under consideration.

Discussion: Hover in Ground Effect (HIGE) - The HIGE data plot, Figure

9.5, shows the marked left side directivity pattern mentioned above. The
sound level values, in the upper to mid 70's for the hard path (at 500
feet), can in some situations (especially wich long duration) present an
environmental noise problem. On the other hand, the soft path values
range in the low to mid 70's, values which may also be of concern in a
quiet urban environment. The point {5 that there exists a significant
advantage in situating a heliport in a location where noise sensitive
dreas are separated from the heliport by an acoustically absorbent surface

such as grass,

Discussion: Hover Out of Ground Effect (HOGE) - The comments made above

certainly apply as well in the case of HOCE, a transitional flight regime,
shown in Flgure 9.6. A mitigating consideration, however, is that the
sound levels (AL) in the vicinity of 80 to 85 dB are invariably of the
short duration generally associated with ingress/egress operations. These
levels are likely to be perceived above other transient transportation

noise sounds.
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Discussion: Flight Idle (FI) - Noise data for the flight idle cperations

are shown in Figure 9.7.

As discussed in the case of HIGE, the hard path

gcenario could pose minor concern in certain urban residential

situations.

In all of the cases examined in this analysis, it is evident that ground

surface characteristics play a very significant role in ground-to-ground

propagation of sound in the vicinity of a heliport.
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9.3 Comparison of Measured Sound Levels: &4 Foot vs. Ground Microphones -

This analysis addresses the comparability of noise levels measured at
different heights above the ground surface. The topic is discussed in the
context of noise certification testing requirements. The analysis
involves examination of differences between noise levels acquired for
ground mounted and 4-ft mounted microphone systems. The objectives of
this analysis are as follows: 1) observe the value and variability of
ground/4-ft microphone differences and identify the degree of phase
coherence and 2) examine the variation with operational

configuration.,

The data employed in this analysis are from microphone site #1, using TSC
magnetic recordings (Appendix A). The mean differences between the ground
and four foot microphones are shown in Table 9.1 for nine different test

series,

In conducting this analysis, our initial assumption was that the
ground-mounted microphone experiences phase coherent pressure doubling (a
reasonable assumption at the frequencies of interest). At the 4-foot
microphone, one would expect to see a lower value, somewhere within the
range of 0 to 3 dB, depending on the degree of random verses coherent
phase between incident and reflected sound waves, It is also possible to
experience phase cancellation between the two sound paths. If
cancellatlon occurs at dominant frequencies, then one is likely to observe
noise levels at the 4—foot microphone more than 3 dB below the ground
microphone values, In faet, significant cancellation is observed with
instances of 5 to 6 dB (weighted metric) lower levels at the 4-foot

microphone.

=
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Discussion — It is argued that acquisition of data from ground-mounted
microphones provides a eleaner spectrum, closer to the spectrum actually
emicted by the helicopter—that is, not Influenced by & mixture of
construoctive and destructive ground reflections. Theoretically, one would
be interested in correcting ground-based data to levels expected at & feet
or vice versa in order ro maincain equally stringent regulatory policy.

In other words, to change a certification limic at a 4—fc. microphone to
fit a ground-based microphone test, one theoretically would have to

increase the limit by an amount necessary to maintain equal stringency.

Examination of the results in Table 9.1 show that most differences do fall
between 3 and 5 dB, with some differences on che order of 6 dB. These
results are consistent with theory and suggest that a degree of
cancellation typically accompanies the 3dB difference one would expect

from consideration of phase relationships.

The wariability in test results between operational modes displays no
clear pattern. The variation in difference in wvalues can be considered to
reflect differences in the "acoustiecal angle" or the angle of incidence at
the time of maximum noise. These geometrical factors are also goined by
differences in spectral content in influencing resulting sound level

values.




HELICOFTER: DAUPHIN TABLE G.1

COMPARISON OF

GROUND AND 4 FT. (1.2 H) HICROPHONE DATA

DELTA d8 = {GND MIC.) minus {4 FT. MIC.)

TARBET

TEST SAHPLE 148
SERIES OPERATION S1ZE (KTS) SEL AL EFHL LT
A Jo0* LFO B 133 5 d,4 37 3.3
B 500° LFo 4 120 4.8 4.2 5.3 4.9
c J00° LFD 8 103 4.8 4.1 3.2 4.3
b f00p’ LFO 3 135 5,8 4.7 4.3 d.d
E ICAD T/0 g 73 4.5 3.9 4.5 4
F ICAD APP B 75 L2 N N N
G4 TAKEDFF 4 73 3 4.3 d.l 4.3
Gl TAKEOFF 5 P 34 2.3 37 L
H ¥ DEG AFP b 13 N WA b M
WEIGHTED AVERAGE 4.8 4 9l 4.8
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9.4 Analysis of Duration Effects — This analysis explores the

relationship between the helicopter noise event (intensity) time-history,
the maximum intensity, and the total acoustical energy of the event. Our

interests in this endeavor include the following:

1) It is often necessary to estimate an acoustical metric given only
part of the information required.

2) The time history duration is related to the ground speed amnd
altitude of a helicopter. Thus any data adjustments for different
altitudes and speeds will affect duration time and consequently the SEL
{energy metric)., The requirement to adjust data for these effects often
arise in environmental impact analysis around heliports. 1In addition, the
need to implement data corrections in helicopter noise certification tests

further warrants the study of duration effects.

Two different approaches have been utilized in amalyzing the effect of
event 10-dB-down duration on the accumulated energy dose (Sound Exposure

Level).

Both techniques are empiriecal, each employing the same input data but
using a different theoretical approach to describe duration

influences.

The fundamental question one may ask is “If we know the maximum A-weighted
sound level and we know the 10-dB-down duration time, can we with
confidence estimate the acoustical enmergy dose, the Sound Exposure Level?”
4 rephrasing of this questlon might be: If we know the SEL, the AL, and
the 10-dB-down duration time (DURATION), can we construct a universal

relationship linking all three?




Both attempts to estahlish relationships involve taking the difference
between the SEL and AL (delta), placing the delra on the left side of the
equation and solving as a function of duration. The form which this

function takes represents the differences in approach.

In the first case, one assumes that delra equals some constant K{DUR)

multiplied by the base 10 logarithm of DURATION, i.e.,
SEL — AL = K(DUR) X LOG{DURATION)

In the second case, we retain the 10 x LOG dependency, consistent with
theory, while achieving the equality through the shape facror, Q, which is
gome value less than unity i.e., SEL-AL = 10 x LOG(Q X DURATION). 1In a
situation whers the flyvover noise event time history was represented by a
step function or sguare wave shape, we would expect to see a value of O
equaling precisely one, However, we know that the time history for
typical non-impulsiwve avent is much closer in shape to an isoceles

criangle and consequently likely to have a §Q much closer to 0.5

Through investigating the characteristics of the shape factor, that is,
the variation in ) with ground speed and distance (i.e., Duration) one may
be able to derive the expression for the agpregate acoustical radiation
pattern such as dipole where Q=M/2, quadrupole where (=M/4, or monopole
where Q=T . This can be determined by solving the relationship between Q

and the ratio (M/J), where J iz the walue which determines the radiation

pattern.

Another possible use of this analytical approach for the assessment of
duration effects is in correcting noise certification test data which were

acquired under conditions of nonstandard ground speed and/or distance.

s




Discussion = Each of the noisze template data tables lists both of the
duration related figures of merit for each individual event (see

Appendix B). One immediate observation is the apparent imsensitivity of
the metrics to changes in operation, and the extremely small wvariation in
the range of metric walues, nearly a comstant §Q = 0.4 and a stable K(4)
value of 7.0. Data have been plotted in Figure 9.8 which show the minor
variation of both metrics with airspeed for the level flyover operational
configurations for the microphone site 1 direct read system. The lack of
variation in the parameters suggests that a simple and nearly constant
dependency exists between S5EL, AL, and log DURATION, relatively unaffected
by changes in airspeed, in turn suggesting a consistent time history shape
for the range of airspeeds evaluated In this test. As S5EL increases with
airgpeed, the increase appears to be related to increase in Aly but
mitigated in part by reduced duration time (and a nearly constant

K=7).

It is interesting to note that similar results were found for the Bell 222
helicopter, suggesting that different helicopter models will have similar
values for ¥ and (. This implies that it would he unnecessary to develop
unique constants for different helicopter models for use in implementing

duration corrections.

A5 mentioned above, it is possible to establish an empirical aggregate
acoustical radiation pattern by examining the relationship between  and
the ratio I1/J where J reflects the geometric nature of the radiation

pattern. The term empirical aggregate is used in acknowledging the

multi-component characteristics of acoustical radiation from rotating
airfoils, While the constant J may be of limited use in detailed,

first-principal predictive acoustics, there may be uses in many




seml-empirical engineering applications. As is evident, the values of J

(J =M/Q) determined from this empirical analysis is approximately 8.
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9.5 Analysis of Variability in Noise Levels for Two Sites (ver Similiar

Propagation Paths — This analysis examines the differences in nolse levels

observed for two sites each located 500 feet away from the hover point
over similar terraim. The objective of the analysis was to examine
variability in noise levels associlated with ground-to-ground propagation
over nominally similar propagation paths. The key word in the last
sentence was nominally,...in fact the only difference in the propagation
paths is that microphone 1H is located Iin a slight depression, (elevation
iz minus 2.5 feet relative to the hover point), while sitre 2 has an
elevation of plus 0.2 feet relative to the hover point. This is a net
difference aof 2.7 feet over a distance of 500 feet. This configuration
serves to demonstrate the sensitivity of ground-to-ground Sound

propagation over minor terrain variatioms.

Discussion — The results presented in Table 9.2, 9.3, and 9.4 show the
observed differences in time average noise levels for eight directivicy
angles and the spacial average, It is observed that significaant
differences in noise level occur for the low angle (pround-to-ground)
propagation scenarios while the higher angle operation (HOGE - helicopter
30 feet above ground level) reveals a difference of less than 1 dB. It
may be concluded that very minor variations in site elevation may lead to

differences in the measured noise levels for static operations.

it is also appropriate to acknowledge possible variation in the acoustical
source characteristics. 1In this analysis, data from microphone site 2 are
compared with data recorded at site 1H approximately one minute later.
That is, the helicopter rotated 45 degrees every sixty seconds, in order

to project each directivity angle; there is a 45 degree separation

o
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between the two sites. In addition to source wvarlation, it is also
possible that the helicopter "aim," based on magnetic compass readings may
have been slightly different in each case, resulting in the projection of
different intensities and aceounting for the ohserved differences, A
final item of consideration is the possibility of shadowing and
refraction, discussed in following sections., It is worth noting that the
same general trends--similar results for HOGE, disparate results For HIGE
and Flight Idle—were observed in the test results for the Bell 222 (ref.
8). Regardless of what the mechanisms are which create this variance, one
can agree that static operations display scund levels intrinsically
variant in both direction and time, and also potentially wvariant (all

other factors being normalized) over two nominally identical propagation

paths.
TABLE 9.2
COMPARISON OF
NOISE VERSUS DIRECTIVITY ANGLES
FOR
TW40 SOFT SURFACES
OPERATION:  HOVER-IN-GROLMD

DIRECTIVITY ANGLES (DEGREES)

Lav{ 340 DEGREE)

SITE 0 43 70 135 180 225 270 315 ENERGY ARITH,
LED LED LED LED LER LEG LER LEQ LER LED

SOFT IH 70 7.3 0.4 67,8 0.1 75.7 68.2 L 71,3 70.7
SOFT 2 73.3 74.2 74.8 73:1 B2 W N 73.7 L) 74.2
DELTA dé =3.3 =5.7 =44 P R N N ] M =53

* DELTA dB = (SITE IH} minus (SITE 2)

## SITE IH DATA FROM MAGNETIC RECORDING SYSTEM; SITE 2 DATA FROM DIRECT READ SYSTEM.

Note: All data represent mean values for sample pericds of
approximately 40 te &0 seconds,
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TABLE 9.3

OPERATIONG  HOVER-OUT-OF-GROLND

DIRELTIVITY ANGLES {[QEGREES)

Lay{340 DEEREE

S1TE il 48 b4l 135 180 235 270 315 EMERGY ARITH.
LES LEG LEQ LEG LEG LEG LED LEG LED LEG
SOFT  1H 77.8 77.8 9.4 79 82.8 81 82,1 78.3 36.3 A1)
SOFT 2 it 72,9 B0 7.3 B2 G2.8 863 7%.7 B80.4 80,2
DELTA dB v = =7 = W4 -1.4 1.8 -1.4 T ~7
#0ELTA DB = (SITE IH} HINUS (S1TE 2}
%% SITE 1H &ND SITE 2 [ATA FROM MAGNETIC RECORDING SYSTEM.
Note: All data represent mean values for sample periocds of
approximately 40 to 60 =econds.
TABLE 9.4
DPERATION:  FLIGHT 1DLE
DIRECTIVITY ANGLES (DEGREES) Law{340 DEGREE}
SITE 0 43 70 133 180 273 2 315 ENERGY ARITH.
LEd LER LER LER LEG LER LE@ LEQ LEd LER
SOFT IH éd .4 M 71.9 44,5 47 .2 &6.3 Ha 2.3 89.1 8.1
S0FT 2 47.9 e 0.4 &9 83 73.4 78 78.1 N 72
DELTA dB -3.3 & 1.5 -4.3 2.2 = i) -5.4 M -3.7

# DELTA dB = (5ITE 1H) minus (SITE 2)
32 SITE 1M DATA FROM MAGNETIC RECORDING SYSTEM; SITE 2 DATA FROM DIRECT READ SYSTEM.

Mote: All data reprssent mean values for sample periods of
approximately 40 to 60 seconds,
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9.6 Variation in Noise Levels With Airspeed for 6 and 9 Degree Approach

Operations — This section examines the variation in noise level becween 6
and 9 degree approach operations. The appropriate series "As Measured”
acoustical data contalned in Appendix A, have been tabulated in Table 9.5
and plotted (corrected for the minor differemces in altitude) in Figure
9.9. The objective in conducting this analysis is twofold: first, to
evaluate further the realm of "Fly Neighborly” operating possibilities,
and second, to consider whether or not it 4is reasonable to establish a
range of approach operating conditions as allowable in a noise

certification testing.

Discussion - In the approach operational mode, impulsive {banging or
slapping) acoustical signatures are a result of the interaction between
vortices (generated by the fundamental rotor hlade action) colliding with
successive sweeps of the rotor blades (see Fipure 9,10). As reported in
reference 7, for certain helicopters, maximum interaction occurs at
airspeeds in the 30 to 70 knot range, at rates—of-descent ranging from 200
to 400 feet per minute. When the rotor blade enters the vortex regionm, it
experiences local pressure fluctuations and associated changes in blade
loading. These perturbations and resulting pressure gradients generate

the characteristic impulsive signature.

TABLE 9.5

Variations in 6 and 9 Degres
Approach Operacions

APPROACH SITE 5 S1TE 1 STTE &
ANGLE AVERAGE Ly AVERAGE Lg AVERAGE Ly
6° 87.5 85.6 84.3
As measured

g B9.8 84.8 B1.8
As measurad

g% 88.8 85.5 83.1
Ad justed

#Average L, for 9 degree approach adjusted for difference inm
alritude between the § and 9 degree approaches.

o




The data presented in Figure 9.9 portray the variation in noise level
along the ground track as the approach angle changes (with airspeed held
nominally constant). There appears to be ‘a marked but small change in
noise level for the operations examined., It is noted that a more
exhaustive series of testing which would include 5 or & airspeeds for each
approach angle would be necessary to establish definitively the potential

benefit of “Fly Neighborly" approach procedures.

The other significant observation involves the classic problem of
improving the situation at one point while making things worse at another.
This is the case with 9 degree approach--marginally guieter (-1 dB) at one
point and marginally louder (+1.5 dB) at another point, relative to the &
degree approach. While the 1 to 2 dB differences are of little concern,
the potential for big improvement and simultaneous derogation (in noise
level) must be considered when developing an effective "Fly Neighborly”

program.
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9.7 Analysis of Ground—-to—Ground Acoustical Propagation for a Nominally

Soft Propagation Path — This analysis involves the empirical derivation of

propagation constants for a nominally level, "soft” path, a ground surface
composed of mixed grasses. As discussed in previous analyses, the several
physical phenomena involved in the diminution of sound over distance makes
it necessary to draw upon all pertinent theory to explain the various

results obtained,

A-weighted Leq data for the three static operational modes HIGE, HOGE, and
Flight Idle, have been analyzed in each case for =ight different
directivity angles. Direct read acoustical data from sites 2 and 4H have

been used to calculate the propagation constants (K) as follows:
K = (Leq(site 2) - Leq{site 4))/Log (2/1)

where the Log (2/1) factor represents the doubling of distance
dependency (Site 2 is 492 feet and site 4H is 984 feet from the hover

point).

For each mode of operation, the average (over various directivity angles)
propagation constant has also been computed.

The data used in this analysis (derived from Appendix C) are displayed in
Table 9.6 and the results are summarized in Table 9.7.

At first glance the results may appear somewhat distressing and

inconsistent. However, upon consideration of the change in spectral
content between different operational scenarios, one may approach a degree
of understanding. The following paragraphs attempt to interpret the

trends wa observe.

13




Discussion -

HIGE - TIn the case of HIGE, one must consider the aggregate influence of
spreading loss, along with the lumped effects of "ground-to—-ground
attenuation.” The potential exists for refraction effects as well, which
might result in shadowing or focusing of sound. The observed rate of
attenvation (somewhat unusual) which reflects a grouping of these

effects, resulting in a net value of approximately 20.

HOGE - In the case of HOGE, several changes take place, First, the
helicopter 1s at an altitude of approximately 70 feet above ground level,
resulting in less tendency for excess ground attenuation. Secondly, the
frequency spectra shift toward a greater dominance of middle frequency
components. A very reasonable rate of attenuation (propagation constant
K=14) is observed, likely dominated by the effects of spherical spreading

and absorption.

Flight Idle — In the case of the flight idle cgperation, one ohserves a
rate of attenuation also in the range one might expect for dominant

spherical spreading and atmospheric absorption influences, K=26.

The mercurial nature of ground-to—ground propagation of helicopter noise
is very evident from examination of the results presented and discussed
above. The primary information value of these results can perhaps be

summarized as follows:

l. The rate of diminution in sound will wvary with operational mode.
2. Alchough strong temperature inversion was not present at the time
of static operations, experlence galned in the Bell 222 test

(ref. 8) leads to the following useful observations. The

T4



influence of temperaturs inversions, typically encountered early
on summer mornings, is significant on surface propagation of
sound {giving rise te strong refraction effects). This

in turn leads to the following axiom: avoid early morning noise
assessment/flight testing of helicopters in the static
operational modes.

While the issue of selecting a representative ground-to-ground
attenuation wvalue to use in conducting environmental noise impact
analyses temains unresolved, considerable research in this area
continues. In the interim, a K walue on the order of I5
(i.e.,AdB = 25 log (dj/d5)) will provide a working

approximation for caleculating ground-to-ground diminution of
A-weighted sound level over nominally soft paths out to distances

of 1000 feet,
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CAUPHIN

4-4-83

SITE 4H--HIVER DATA

HIGE
I-0
I-3153
=27
1-225
I-180
[-135
1-50

[-43

DAUPHIN
§-4-83

SITE 2--HIMER

HIGE

I-0
=315
I-180
[-135
1-80
[-45

48.1
68,1
0.1
72,9
7.4
46.3
7.9
7.2

LaTh

4.7
74,4

g2
73.4
76.8
74.2

TABLE 9.6

HIGE

K-35
H-270
N-225
E-18]
K-135
Ll

K-43

HOGE

K-315
k=270
K-223
K-180
K-133
E-%0

K-43

0.1
71.8
71.9
7343
3.2
71.2
71.3
74,2

77.7
BD.1
B0.4
62.8
B2.7
7.1

B0
8.8

T&

DATA UTILIZED IN COMPUTING EMPIRICAL
PROPABATION CONSTANTS (K)

FLT. IDLE

J-0
J-313
J-270
J-225
J-180
d-133
J-%0
J-43

FLT. IOLE

J-0
J-315
4270
J=225
J-180
J=135
J=90

63
.2
87.3

L)
a8.2
57.7
62.%
6l.¢

69,9
78.1
78
73.4
&3
]
70.4




TABLE 2.7

EMPIRICAL PROPAGATION COMNSTANTSE (K

EMISSION HIGE HOGE FLT ID

AMNGLE K K K
) 22.5% 25.25 P2.97
315 21 .59 2707 2222
270 2228 Z8.7
225 24,72 24,58
180 2.44 24,72 22,57
135 Z7.24 12,6 27 .54

20 14.28 28.% 24 92

45 14,681 21.93
AVERAGE 19.14 29.42 25,34
21,26% 25. 11 %= 24 .47 nE=

*AUERAGE CaLCULATED WITHOUT 180 DEGREE DATAR(2.84)
#*AUERAGE CALCULATED WITHOUT 135 DEGREE DATA (1%.&)

##2AUERAGE CALCULATED WITHOUT 135 DEGREE DATA (27.354)

T




9.8 Acoustical Propagation Analysis — The approach and takeoff operations

provided the opportunity to assess empirically the influences of spherical
spreading and atmospheric absorption. Through utilization of both noise
and position data at each of tha three flight track centerline locations
(microphones 5, 1, and 4), it was possible to determine air-to-ground

propagation constants.

The propagation constants (one would expect) would reflect the aggregate
influences of spherical spreading and atmospheric absorptiomn. It is
assumed that the acoustical source characteristics remain constant as the
helicopter passes over the measurement array. In the case of a f0-knot
approach or takecff, a helicopter would require approximately 10 seconds

to travel the distance between measurements esites 4 and 5.

In both the case of the single event intensity mectric, AL, and the single

event energy metric, SEL, the difference between SEL and AL is determined

for each pair of centerline sites. The delta in each case is then equated
with the base ten logarithm of the respective altitude ratio multiplied by
the propagation constant (either KP(AL) or KP(SEL), the values to be

determined.

Data have alsc been analyzed from the 500 -and 1000 foot level flyover
operations and the KP(AL) has been computed, Data were pooled for all
centerline sites (5, 1, and 4) in the process of arriving at the

propagation constant.

The takeoff analyses are shown in Table 9.8, 9.9, and 9.10 and are
summarized in Table 9.14. The approach analyses are shown in Tables 9.11

and 9.12 and are summarized in Table 9,13, Results of the level flyover

fi::




calculations are presented in Table 9,15,

In addition, level flyover data

reported for the Bell 222 helicopter (ref. B) have been further analyzed

and are presented in Table 9.16.

Table 9.17.

TAELE 9.8

HELICOPTER: DWUPHIN

TEST BATE:

OPERATIN:

EVENT HO.

E24
E7
EZ8
E29
E30
3l
E32
£33

AUERAGE

STD, DB

s C.1L

4-4-83

ICAD TAKEDEF

MIC. 5-4

KPUALY  KPLSEL)

] A
2.4 13.3
23,2 15,3
0.8 18,3
20.3 I5:F
23.7 13.4
23.9 17.2
13.2 15.4
214 155
3.03 i1 )
1,23 bolé

Level flyover data are summarized in

TABLE 9.9

HELICOPTER: DWUFHIN

TEST DATE:

OPERAT 1 D4+

EVENT N,
a7

G438

A7
AJERAGE
510, DEV

o L.,

4-6-83

DIRECT CLIMB TAKEDFF

{BEST RATE OF CLIWE)
HIC. 3

KP{ALY  KPOSEL)

1.1 17
17:3 141
0.4 14.4
0.3 15.2
.50 1,58
4.89 .64

79

TABLE 9.10

HELICOPTER: DALPHIN

TEST DWTE:

OPERATION:

EVENT NO.
GB41

BB42

G843

6B44

G845
AVERAGE
S5TD. DEV

0% L1,

4-6-83

DIRECT CLIMB TAKEOFF
(BEST RATE OF CLIMB)

MIC. 3-4

KPiALY KP(SEL)

32.3 3.4
18,1 i3
18.4 13
17,8 15.4
18,2 12.%
20,5 15.4
8,43 4.40
4.34 4,39




TABELE 9.11 TABLE 9.172

HELICOPTER: DAUPHIN HELICOPTER: DAUPHIN

TEST DATE: &-4-83 TEST DATE: ¢-4-83

JPERATION: 4 DEGREE APPROACH (I1CAD) OPERATION: 9 DEGREE APPROACH

HiC, 5-4 MIC. 5-4

EVENT NO,  KP{AL) KP{SEL) EVENT NO.  KP(AL) HP(SEL)
Fa6 7.8 14 HS3 424 287
F46 359  25.4 W34 3.4 24.3
F47 485 5.7 H35  42.3 2%
F48 358 147 HS6 334 19.3
F49 234 109
P50 33.9 20 AJERAGE 39,1 23.8

AVERAGE 325 20 STD. DBV 4,26 3.87
=T0, DRV 7,14 4,73 70¥% C.1. 5.0 4,53

804 L1, 7.4 3.8%

TABLE 9.13

Summary Table of Propagation Constants
for Two Approach Operations

b Degree

{ ICAQ) Approach 32.5
g Degree 3.1
Approach

e
Ayerage 35.80

BO




TABLE 9.14

Summary Table of Propagation Constants
for Three Takeoff Operations
ICAD Takeoff 21.2

Direct Climb Takeoff 20.13
{Best rate of climhb)

Direct Climb Takeoff 20.5

(Best angle of climb)

Average 20.67
TABLE 9.15

LEVEL FLYOVER PROPAGATION ANALYSIS

Microphone Microphone Microphone Weighted
Operation Site 5 Sicte 1 Site 4 Averape
N=8§ H=8 H=28
300% .9 vy AL = 78.8 AL = 7B.5 AL = 77.8
g=1.5 O= l.4 O = 1.4 78.38
N=25 =235 H=273
1000' .9 Vy AL = 71.8 AL = 71.8 A = 71.1
D’“ D;E Jd = 1.0 U“‘ 1.2 71.57
MdB = 5.8
K = dB/leg(1000/500)
K = 6.8/0.3
K = 22,67
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TABLE 9.16

VARIATION IN LEVEL FLYOVER NOISE
LEVELS = Bell 222%

Average Ly for Three
Operation Microphone Sites (6 events)
5007 79.8

at .9 Vne
1000° 71.5
at .9 Vne
MdB = B35
K{P) = 8.35/(log 1000/500)

= 278

# Reference 8

TABLE 9.17

Summary for Level Flyover Operations

Helicopter Propagation Constant (k)
Bell 222 27.8
Aerospatiale

Dauphin 2 22.7

Average 25,25

Be




TABLE A.Db

Definitions

A brief synopsis of Appendix A data column headings is presented,

EV

SEL

ALm
SEL-ALm

K(A)

EPNL
PHLm
PNLTm

K{E)

OASPLm

DUR( A)

DUR(F)
TC
Each set of

test date.
subset.

Event Number

Sound Exposure Level, the total sound energy measured
within the periocd determined by the 10 dB down duration
of the A-weighted time history. Reference duratiom,
l=zecond.

A-weighted Sound Level(maximum)

Turation Correction Factor

A-weighted duration constant where:

K(A) = (SEL-Alm) + (Log DUR(A))

Time History Shape Factor, where:

Q = (100.1(SEL-ALm) » (DUR(A))

Effective Perceived Holse Level

Perceived Nolse Level(maximum)

Tone Corrected Perceived Noise Level{maximum)

Constant used to obtain the Duration Correction for
EPNL, where:

K(P) = (EPNL-PNLTm + 10) + (Log DUR(P})
Overall Sound Pressure Level(maximum)

The 10 dB down Duration Time for the A-weighted time
history

The 10 dB down Durationm Time for the PNLT time history

Tone Correction calculated at PNLTm

data is headed by the site number, microphone location and
The target reference condtions are specified above each data




APPENDIX A

Magnetic Recording Acoustical Data and Duration Factors
for Flight Operations

This appendix contains magnetic recording acoustical data acquired during
flight operations., A detailed discussion is provided in section which
describes the data reduction and processing procedures. Helpful cross
references Include measurement location layout, Figure 3.3; measurement
equipment schematic, Figure 5.4; and measurement deployment plan, Figure
d«7. Tables A.a and A.b which follow below provide the reader with a
guide to the structure of the appendix and the definition of terms used
herein,

TABLE A.a

The key to the table numbering svstem is as follows:

Table No. A. 1-1. I

Appendix No.

Helicopter Ho. & Microphone Location

Page No. of Group

centerline—-center

G centerline-center{flush)
sideline 492 feet (150m) south
sldeline 492 feet (150m) north
centerline 492 feet (150m) west
centerline 617 feet (188m) east

Microphone Ho.
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FOR TEMPERATURE, HUNIDITY,

#




EV

SEL  Alm SEL-Alm Ki{A)

SITE: 1

TABLE ND. &.1-1.1

RERDEFATIALE SA-145H HELICOPTER (DAUPHINY

SUHKARY HOISE LEVEL DATA

A5 HEASURED #

CENTERLINE — CEHTER

EPHL

6 DEGREE APPROACH -- TARBET 1AS 75 KTS. (ICAD)

Fis 9%
Fit 90.8
Fd6  92.6
F47 9.9
F48  93.1
FA7  92.8
0 9.3
5} 533
Avg. 9.7
Std Dv 0.8
0L Cl 0.6

Bb.b
83.3
83l
85.9
B5.4
B4.9
B5.5
7.8

BI.6
1.3
0.9

-

i B e e o B
Er- B0 0 =4 23 &N ogn o

T
whom ks

-

£ £ = b
O 0 = O Lf O o e

-
= .
el En

O O O o S
TR g g g e
e dmopny e b CRo£R CR

TAKEDFF — TARGET [a3 73 K15, (1CAD)

E26 937
EZ7 134
E28 93.2
E29 %22
B30 928
Eil 72.4
B2 927
[3ur S - 8]
fvo.  72.9
Std v 0.4
7L Cl 0.3

B7.1
BS.9
87.0
85,0
B4.4
85,9
B5.4
83.7

B6.4
0.7
0.5

8.5
7.1
5.2
Tt
b4
.7
1.3
Tl

b.8
0.4
0.3

baS
&.7
6.3
8.3
bal
B3
b.b
6.9

L= = =
e Tk
ol e pe LR

0.4
0.4
0.5

0.4
0.0
0.0

96.2
4.4
98.5
Y65
§7.1
§7.0
§1.1
§7.0

9

Pﬂ o
o
L T

98.8
78.4
98.4
97.4
98.7
9.9
97.9
78.3

98.3
§.5

0.3

PiLa

E3833823

_.
2 =
~i

L=
~ o

75.4
98.3
79.0
T4
7.3
97.7
7.2
?8.2

%8.2
1.0
0.7

FHLTe

KiP)

00,2
¥7.7
9%.7
7.7

100.2
¥9.4
9%.8

101.4

7.8
1.0
0.7

102.5
101.4
102.7

7.9
102.7
1.2
100.7
101.3

101.6

- HDISE IHOEXES CALCULATED USING HEASURED DATA UNCORRECTED
FOR TENPERATURE,HUMIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK

6.0
8.5

N O oy O g
- = = - "
- 00 = Ll f

b.4
0.4
0.3

o~ El'- o :."l o~ EI“- [ = =
- - . a =
= = 0o e g G

SRl
GERrFRE Y

DASPLa DURTA) DURIP)

JUNE' £,1983

DOT/TSC
10/13/83

74.1
94.8
¥oal
75.3
75.3
74,5
7ol
94.4

5.1
0.4
0.4

87.4
Bh.l
B87.0
B4
88.0
B4.1
85.3
B4.56

Bb.4
0.8
.5

5.5
12,5
12.0
12.0
13.5
13.0
13.5
15.0

12.0
1.5
1.0

10.0
11.5
10.5
11.0
12.0
11.0
12.0
10.0

11.0
0.8
0.5
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TRBLE MO. h.1-16.1

AERDSPATIALE SA-T45H HELITOPTER (DAUPHIN DOTATEC
10/14/83
SUKMARY NOISE LEVEL DATA
A5 HEASURED *
S1TE: 16 CEHTERLINE-CENTER (FLUSH) JUHE 6,1983

EV SEL  Ale SEL-Alm KiA) @ EPNL  PHls FHLTe KIP)  DASPLs DUR(A} DURIPY TC

& DEGREE APPROACH -- TARGET IAS TSKTE. (ICAD)

WEEH] DATAER®

TAKEDFF — TARGET IAS 75 W1S. (ICAO)

E24 98.2 91.5 6.7 65 04 1033 103.7 106.% 43 92.4 105 100 3.2
E27 9. 689.% 70 6.2 0.4 1024 1027 05T b e 135 125 30
EZ8 9.0 B%.0 8.0 71 05 102.2 1015 1044 O .2 1y 13 A7
E2? %79 MA 75 68 0.4 1034 102.9 106.1 4T 9.7 12,5 120 33
EW 7.5 ™2 7.3 7.0 05 103.0 1027 105.8 6.9 .9 110 1o 3.1
B3t 7.7 898 7.4 68 04 1028 102.2 1054 6.7 MWy 15 125 3.2
B2 97.2 8%.5 A7 1.0 0.5 Q026 10LB 1050 bR 80.6. 12.5 3.6 3.2
B3 %5 W1 7.5 7.2 05 1031 109 1058 49 M4 D 1S 29
fvg. 974 900 7.4 6B 0.5 1028 1026 1066 6.7 1.1 12,20 1.y 34
Stdv 0.4 0.7 04 03 0.0 0.4 d7 0.8 0.3 0.7 1.2 11 0.2
MELL 03 05 0.3 0.2 00 g3 05 65 0.2 0.4 0.8 0.7 4.1

¥ - NOISE INDEXES CALCULATED USING HEASURED DATA UNCORRECTED
FOR TENPERATURE HUKIDITY,0R AIRCRAFT DEVIATION FROM REF FLIGHT TRACK



TABLE HD. &,1-1.3

AEROSPATIALE SA-345M HELICOPTER (DAUPHIN) DOT/TSC
10/14/83
SUNNARY NOISE LEVEL DATA
K5 MEASURED #
SITE: 1 CENTERLINE - CENTER JUNE &,1983

B SEL  Ala SEL-Alw K(A) @ EPHL  FiLa PNLTs K(P)  OASPLw DUR(A} DURIP) TC

TAKEDFF -- TARGET 1AS 75KTS. (T/0 FROM HOVER)

GA37 953 903 5.1 6.0 0.5 100.5 103.0 105.6 5.8 N2 70 70 24
GASE 4.1 886 5.4 &2 0.5 9.2 1013 1040 5.9 0.7 25 A5 24
GRI7 946 BB 4B 6.2 0.5 100.1 103.0 1055 5.9 ¥2.2 6.0 60 2.7
GA4D 95.3 %0.0 5.3 &3 0.5 100.7 1033 105.4 4.1 2.4 740 7.5 2.1
Avg. 94,8 B9.7 5.2 62 0.5 1001 102.6 105.1 5.9 91.9 6% 7.0 2.5
StdDv 0.4 0.7 0.3 01 0.0 0.7 &9 0.8 D4 0.8 0.4 0.7 0.3
LLl 7 08 0.3 42 0.0 0.8 11 0% 0.2 6.7 0.7 0.8 0.3

TAKEDFF —- TARBET 1AS 7SKTS. (T/0 FRON GROUND)

BBAl 941 B7.0 A7 B3 DA 9.1 994 1031 4o 8.1 11.5 8.5 3.7
GB42 §3.4 87.2 4.3 60 DA 78.2 99.2 102.5 &3 B85 1.0 8.0 33
BB43 925 859 b4 b1 0.4 97.6 91.6 1013 5.9 Ba.? 12,0 1S5 37
GBA4  93.2 BAL 7.0 44 04 7.3 §7.6 1014 6.4 Bt 12.5 10.0 3B
BB45 92,5 B5.7 6.7 60 0.4 7.3 9.6 1.1 57 Be.B 13.0 12,5 3.4

Aavg. §3.2 B 67 462 DA 8.0 98,3 1017 4.2 B7.4 120 10.1 3.5
stddv 0.7 0.2 0.3 0.2 0.0 0.7 1.0 4.9 0.4 0.8 0.8 1.7 0.2
MELL 07 &7 6.2 9.2 0.0 0.7 2.9 w8 bl 6.8 0.2 1.8 0.2

¥ DEGREE APPROACH -- TARGET IAS 7SHTS.

Hi2 9.5 8.3 7.2 &B 0.5 $8.5 1011 1021 4.3 8.0 1.5 105 0.9
W3 9.9 B23 8.2 7.1 0.5 M3 .3 %62 74 93.% 140 140 0.9
B 9.2 8.1 Bl &% 0.4 .9 %64 7.2 T2 M6 150 115 0.9
HS 928 834 74 49 0.5 9.7 8.8 W7 BT ¥o.6 120 1100 1.0
HS&  92.6 B5.9 bbb A5 DA 96.6 99.6 100.6 4.2 4 10,5 S5 10
Avg. 2.3 BAB 7.0 68 0.4 96,2 98.2° 99.2- &7 957 124 1.3 S
Bdw 1.6 20 0.6 0.2 0.0 1.7 24 24 05 /7 S B R L 3 |
MECI 15 2.0 0.6 0.2 0.0 Lob: o 222° 25 0 I3 1.8 Lé 0

§ - HOISE IMDEXES CALCULATED USING MEASURED DATA UMCORRECTED
FOR TEMPERATURE HUMIDITY,OR AIRCRAFT DEVIATION FRON REF FLIGHT TRACK




THBLE WD. #.1-1G.3

AERDSPATIALE SA-TASH HELICOPTER (DALPHIN DoT/15C
10/14/83
SUKHARY NOISE LEVEL DATA
AS HEASURED ®
BITE: 16 CENTERLIHE-CENTER (FLUSH) JURE 4,183

EV SEL  Als SEL-Alm KiA) O EFML  PHLa  PHLTe K{(P)  OASPLm DUR(A) DURIFY TC

TAKEDFF -— TARGET 1AS 75KTS. (7/0 FROM HOVER)

BAZ? $9.5 938 57 A3 0.5 1850 1058 109.1  A.D 96,2 B B0 2.4
Ga38  99.9 .2 57 61 04 1053 1072 1RG4l 95.6 B 9.0 28
BA3? 99.9 949 5.0 5.8 0.4 1053 07,9 1104 5.8 7.4 L5 7.0 2.6
Badd 99.8 93.8 4.1 A5 0.5 1053 107.3 1094 b4 78.2 8.5 8.5 2.l
Avg, 99.8 9.2 5.4 62 05 1052 107.3 1094 6.2 7.1 81 B1 25
StdDv 0.2 0.3 D4 03 DO ¢.2 0.4 0.6 D3 0.9 0.3 0.8 0.3
FICI 0.2 0.6 05 04 OO 0.2 0.5 07 b 1.0 0 LD 03

TAKEDFF — TARGET 1AS 75KTS. (T/0 FRON- GROUMD)

BB4Yl 97,5 0.3 7.1 &4 0.4 1025 1027 108.B 47 91,2 13,0 1.0 33
GR42 96.8 B%.7 7.1 &5 0.4 LOLB 102.1 1047 4B fM.b 120 1150 2B
GE43 96,7 885 8.2 1 0.5 Q0.7 I00.E 103,70 Al 0.2 14.5 1.0 JA
GB44 96.1 88,2 7.9 7.0 0.5 10L.0 1000 1032 A9 8.6 135 5 A
GBS 960 BT &% T AF 10L.2 99.F 1027 7.3 B.1 145 15 2.8
fwg. 96.4 88,8 7B A9 0.4 1017 1001 1040 7.0 0.3 13.5 12,6 3l
Btd Ov 0.6 L2 0.7 b4 0.0 0.4 1.3 12 03 e ERS 11 [ TR .
XLl 0.d 1.1 é f4 0.0 L (P U5 . L0 e LY 03

9 DEGREE APFROACH — TARBET 1AS 73KTS.

HHEND DATHAES




TABLE WO. A.1-16.2
AERDSPATIALE SA-345M HELICDPTER (DAUPHIN

DaT/Ts0

10/14/83

SUMMARY NOTSE LEVEL DATA

AS KEASURED 2

JURE 6,1983

CEWTERL INE-CENTER (FLUSH)

S1TE: 1B

1C

OASPLe DIRLA) DURIPY

EFHL  Piila  PMLTe K(P)

SEL-ALm KiA)

S00 FT. FLYOVER -- TARGET 1AS 135 K18,

--------
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HEASURED DATA UNCORRECTED

FOR TEHPERATURE, HUHIDITY,OR AIRCRAFT DEVIATION FRON REF FLIGHT TRACK

- NOISE IHDEXES CALCULATED USI




1c

DOT/TSC

10/13/83

DASPLe DURLAY DURTPY

JINE  6,1983

PHLTe K(P)

- 150 H. SO0UTH

TABLE MO. A.1-2.2
#5 MEASURED #
EMHL  PHLs

AEROSPATIALE SA-363N HELICOPTER (DAUFHIN)
SIDELINE

!}

SUNNARY MOISE LEVEL DATA

SITE: 2
SEL  Alm SEL-Alm  KIAY

500 FT. FLYDVER -- TARGET 145 135 KTS.
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FROM REF FLIGHT TRACK

196 THDEXES CALCULATED USING NEASURED DATA UNCORRECTED
FUMIDITY, OR AIRCRAFT DEVIATION

- M
FOR TEMPERATURE,



THELE MND. A.1-2.1

AERCSPATIALE SA-345N HELICOPTER (DAUPHIN) DOT/TSE
10/14/83
SUNMARY NOISE LEVEL DATA
45 HEASURED #
SITE: 2 SIDELINE - 150 K. SOUTH JUE &, 1983

EV SEL  Ale SEL-ALm Kim) @ EFML  PHLs  PHLTe K(P})  OASPLe DUR(A) DUR(R) TC

& DEGREE APPROACH —- TARGET 145 75KTS. (1CAD)

HREHD DATARRS

TAKEOFF -— TARGET [hS 73MTS. {(1Ca0)

E26 0.6 818 B8 7.1 0. 9.5 938 % 15 4.0 17.5 18,0 2.k
EZ? B0 797 %0 74 05 958 Rl M T 3.4 1565 1853 2.3
B2 BY.6: 798 9B b OB M5 b WM 1.7 9.6 18,5 150 2.4
E2? B%a B0 9.4 T4 05 .3 92.8 949 7.8 3.4 170 IBE 235
E B%.7 802 97 7.6 05 .9 27 97 7.9 3.7 19,0 19,00 2.4
Eal 9%y 7.7 0.2 BO 0.6 - 9.0 %0 i 93.4 19.0 = 3.0
E32 901 805 %6 7B 0.5 5.0 93.5 951 B.O 7.9 70 170 24
E3Z 0.8 Bl.4 %4 7.6 05 Ye.0 T4.4 970 7.3 3 128 a0 34
Avg. B9.9 8.4 9.5 7.5 0.5 b I R 7 1% B % S 3.7 1B B 2.4
StdDv 0.6 0.8 0.4 0.3 0.0 0.7 0.8 0.7 0.3 0.3 11 0.8 0.3
$icl 94 03 03 0.2 0.0 6.5 04 06 0.2 0.2 0.8 0.8 0.2

® - HOISE INDEXES CALCULATED USING HEASURED DATA UNCORRECTED
FOR TEMPERATURE,HUMIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK




EY

SEL

SITE: 3

THELE NO. A.1-3.1

AERDSPATIALE SA-3A5H HELICOFTER (DAUPHIN)

SUHMARY NOISE LEVEL DATA

RS HEASURED #

SIDELINE - 150 H. WORTH

Al GEL-Alw WM O EFHL

& DEGREE APPROACH -- TARGET 1AS 75 KT5. (ICAD)

F35 88.2
FI6 924
Fi6 935
F47 2.8
Fig 92,3
F49 y L)
Fal 1.2
Fal 1.2
fvg.  91.8
Std v 1.7
oz Ll 14

78.9
B5.2
B3.1
B4.46
B3.5
81.9
82.2
82.5

83.2
2.1
1.4

o 69 oo 00 o B9 -y ST
= . L S
T B e - e

= — 1 - - ]
WL e
= g Uh

THKEDFF -- TARGET [AS 75 KTS. {1CROY

E24
E27
E28
E29
EN
E3l
E32
ER

AVg
5td
902

5.8
83.7
BA.2
B4.2
B3.8
B4.4
BA.3
B4.6

. BAA
v 0.4
€1 0.4

77.8
4.5
76.0
75.5
75.2
73.2
17.0
7.1

76.1
ol
.8

= o O

8.0
.2
B.1
B.4
g6
9.2
7.4
7.5

8.3
0.7
0.5

Ly 91.7
Fi B 96.2
1.1 0G5 97.1
.0 0.5 94.1
L 0.3 95.8
7.1 0.4 96.2
g7 0.4 4.4
7.1 0.4 95.2
L1 05 95.3
0.2 0.b 1.7
0.1 0.0 Il
f.6 0.4 89.4
7.2 b4 ea.0
6.9 0.4 B8.5
7.0 0.4 88.5
7.3 0.5 B8.3
7.3 0.5 84.3

b4 0.4 BH.4
6.7 A ga.8

7.0 0.4 B.6
0.4 0.0 0.5
0,2 0.0 0.3

Phle

92.0
¥i.%
97.4
Fhaa

94.2
¥5.2
74.9

- ;ﬁ
ra oo e

233 B2H2
HEE PR -

88.7
89.8

1.0
0.6

FHLT: KIF)
§3.3 1.0
9.4 7.2
991 B9
8.0 7
5
98.3 5.9
6.1 2.0
7.0 70
7T 7d
.s 0.
L3 0
9.6 b6
89.0 5.8
9.7 &5
70.0 b5.8
89.% 5.8
B89.5 7.3
1.1 b3
.1 b7
0.4 A7
0.7 0.3
0.6 0.2

- NDISE INDEXES CALCULATED USING WEASURED DATA UMCORRECTED
FOR TEHPERATURE ,HUMIDITY,0R A1RCRAFT DEVIATION FROM REF FLIGHT TRACK

JUNE  6,1983

OASPLe DURLA) DURLPY

DOT/TSC
10/14/83

92.4
P4.0
3.7
2.7
52.7
72.1
91.6
.4

Ll i
L= - -]

18.0
0.5
15.0
14.5
15.5
17.0
15.5
17.0

15.9
2.7

1.8

6.0
18.5
15.0
17.0
5.0
16,5

16.0
10.0
14.5
14.0
15,0
14.0
15.5
15.0

ia.2
1.9
1.2

16.0
21.0
13.5
17.5
16,5
15.0
155
14.0

16.5
2.1
1.4

e e B = e
e T e T e ) A R Y
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THELE NO. #.1-2.3

RERDSPATIALE SA-347H HELICOPTER (DAUPHIN) DOT/TSC
10/14/83
SUMMARY NOISE LEVEL DATA
A5 HEASURED ®
S17E: 2 SIDELINE - 150 M. SOUTH HIHE 4,198

EV SEL  plw SEL-Alm Kim) @ EPHL  FHLs  PHLTm K(P)  DASPLw DURCA) DURIP) TC

TAMEOFF —- TRRBET 1S 75 KTS. (T/0 FROM HOVER)

EANND DAT AR

TAKEQFF -- TARGET IAS 73 KTS. {T/0 FRON GROUND)

END DATANSY

9 DEGREE APPROACH - TARGET [AS 75 KIS.

HREHD DATARNN




EV

TABLE WO. A.1-3.3
AERDSPATIALE SA-345H HELICOPTER (DAUPHIN)
SUNKARY HOISE LEVEL DATA

RS WEASURED *

SITE: 3 SIDELINE - 150 H. HORTH

SEL  Alm SEL-Ale Ki&) @ EFHL  FiLa  PHLTe KIP)

—— | ————— EE——— - —_——— _— ———— e——

TAKEOFF — TARGET 185 75 KTS. (1/0 FROM HOVER)

BA37
Gala
BA3T
GAAD

fvg.

901 Cl

BAD e 7.3 6T DA g8.1 89.2 911 6.3

35 752 683 7.0 03 g7.5 88.4 893 V.

g3.2 761 74 69 05 g7.4 88,3 90.6 4.8

g1 767 71 &5 04 ga.1 89.4 9.8 5.9

.6 7.2 7.5 68 04 g7.8 88.8 90.7 &S5

sta by 0.3 0.7 0.6 03 0.0 0.4 0.4 13 0.3
0.4 0.8 0.7 03 0.0 65 0.6 13 0.6

TAKEOFF —— TARGET 1AS 73 KTS. (T/0 FROA GREURD)

Al 85.6 783 7.3 67 04 BB 8.5 924 67
B M9 T2 27 be 04 B 890 96 67
B3 859 77.9 80 64 03 903 8.3 930 40
M 857 781 77 66 0.4 8.8 B4 925 &3
GBAS B5.6 783 T4 &4 04 899 8946 934 59
Mg. 854 T80 .6 &5 04 @98 89 92.6 6.3
S0 DA bk 63 A4 0l 8 D2 ST 0
gorCl 0.4 0.4 0.2 04 0.0 04 02 0.6 04

9 DEGREE APPROACH -- TARGET 1AS 75 KTS.

Ha2
HS3
HEA
H33
H3s

Avg.

90% .1 0.9

F =

92.4 8.6 B8 7.6 0.5 95.9 963 9.9 7.2

0. 81.2 89 7.2 0A 93,5 9%.4 R 7.

9.4 82.8 7.8 69 0.4 94,2 95.2 964 7.3

91,7 837 8.0 7.1 04 95,5 964 97.9 7.

91,9 83.8 B.1 68 0 95.6 96.4 981 T

91,3 @30 83 71 03 94,9 95.7 97.0 7.2
stdv 1.0 14 65 0.3 0.0 1.0 1.3 14 Al
1.0 05 03 0.0 1.0 1.2 14 0l

NOISE THDEXES CALCULATED USING HEASURED DATA UMCORRECTED

JUNE  6,1983

DASPLe DUR{A)} DURLF)

pOT/TSC
10/14/83

E -
P e

cof EREF

- .
GERCE R

87.7
83.6
B7.6
a7.%
BB.5

88.1
0.4
0.4

94.0
92.6
¥2.6
94.1
53.8

93.4
0.8
0.7

FOR TEMPERATURE,HUNIDITY,OR AIRCRAFT DEYIATION FROW REF FLIGHT TRACK
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11.5
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2.2
21

2.0
0.9
.3
2.4
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THELE NO. A.1-3.2
HEROSPATIALE SA-365M HELICOPTER (DAUPHIN)
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- HOISE JHDEXES CALCULATED USIHE MEASURED DATH UNCORRECTED
FOR TEHFERATURE HURIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK
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JUNE  6,1983

OASPLe DURCA) DURLFY

PHLT® K(P)

AS MEASURED 4
EFHL  FiLs

THELE WO. A.1-4.2
CEWTERLINE - 150 H. WEST

AERDSPATIALE SA-34TM HELICORTER (DAUPHIN)

o

SURHARY NOLSE LEVEL DATA

4
SEL-Alm  KLA)

SITE:

Al

SEL

00 FT. FLYDVER -- TARGET 1AB 135 KTS.
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I et T S O s P
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- NOISE IWDEXES CALCULATED USING HEASURED DATA UNCORRECTED
FOR TEWPERATURE,HUMIDITY,OR AIRCRAFT DEVIATION FROK REF FLIGHT TRACK




TAELE HO. #.1-4.1
AERDSPATIALE SA-345H HELICOPTER (DAUPHIM
SUNHARY HOISE LEVEL DATA

A5 NEASURED =
SITE: A CEMTERLINE - 150 M. WEST

EV SEL  Alm SEL-Als Ki&) B EFML  PHLe PHLT KiP}

& DEGREE APPROACH -- TRRGET 145 75 K75, (ICAD)

FE5: 323 8.1 5.2 57 i o6 98.9 998 A3
Fi6: BAB BRT B 73 0 92.6 %8 9500 14
Fd6. 908 831 7.6 6.9 0. 948 6.5 97.8 L4
F&2° 2.1 BAl B0 &R 04 5.8 9.5 R.A 65
F4g. 924 &2 B2 2.2 05 762 YLD ¥ 67
FA?. 527 BAF 81 70 0.5 Ta.o 9B 9% LS
F0 92,5 BA.l B A7 0.4 6.0 §6.7 FLE 1A
ESL 928 659 48 65 (0. 9.3 985 99.8 4.3
Avg. 91.B 843 7.5 6B 0. 5.5 97,2 984 47
Stdiv 14 1.9 11 0.5 0.0 A SR (] R
90IC1 0.9 1.3 0.7 0.4 0.0 1 A 11 RS 5 [ .|
TAMEDFF — TARGET 185 75 KTS. (1CAD)

E24. 92,4 851 7.3 7.0 0.5 7.0 FL0 99.7 6.9
BE7 9.4 B3 Bl 7.4 0. 954 5.9 9.3 b9
E28 9.2 B0 7.8 4.8 D4 §7.0 969 9%.4 AT
B2y 9.9 BLY 7.3 4B DA 9.8 5.1 W8T bk
B3 9L5. BLE T R b 96.5 Fhab T A5
Ell %10 82,3 B7 7.8 DS Wmy Hag Na a3
E}2 9.0 810 80 7.2 0.5 L ot e A o |
B33 §l.3 83 7.0 63 DA 6.2 b 997 5.9
fvg. 9l.4 83,7 7.8 89 0.5 76,3 5.7 93.0 47
Dy 0.3 0.7 R 04 D0 P L L 5 S
WICI 0.3 0.4 0.4 03 0.0 6.3 0.6 0.6 0.3

% - HOISE IWDEXES CALCULATED USIHG WEASURED DATA UNCORRECTED

JUNE &, 1783

OASPLe DUR{A) DURLP)

B&.Y
B4.0
B4.1
816
84,7
B1.0
B1.4
B4.9

B“-:}
1.2
ﬂ.ﬂ

FOR TEKPERATURE,HUNIDITY,OR AIRCRAFT DEVIATION FHOM REF FLIGHT TRACK

B.0
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13.0
4.0
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14.0
17.5
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13,
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1

@ Lo

11.0
14.5
14,0
14,5
12.0
14.0
13.0
13.0

B s Ced
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0 g B3

DOT/TSC
10/14/83

B.5
12.0
11.5
12.0
12.0
12.5
13.0
11.0

L=
- w o o.
b -

10.5
11.0
13.9
13.5
1.0
13.5
13.0
12.5

2.2
liz
0.8

e s o e s O
WS R mhTE e W e
Ced b= B3 Cel el Bed 3 D

LR —
e
- 3

2.3
3.4
3.0
3.1
3.1
2.9
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SITE: 5

SEL-Alw KiAd} O

—_——— —_—— ———— ———— —_— - -

THBLE ND. A.1-3.1
RERDSPATIALE SA-345H HELTICOPTER (DAUPHIN)
SUMMARY NOISE LEVEL DATA

AS MEASURED *

CENTERLINE - 188 M. EAST

EPML  PHLs  PHLT® K(P)

& DEGREE APPROACH — TARGET 1S 75 KT5. (ICAD)

F35 90.4 84,7
Fi6 - 2.3 B4l
Fd6 945 B88.2
F47  95:.1 9.2
F48 .6 BR.2
F49  75.0 88.0
0 950 890
Fil 940 842
Avg. 94.0 875
Std v 1.7 1.7
MEL 1.3 1.4

5.9
6.2
6.3
5.8
6.4

b0 LS o4 s 994 47
52 0.4 To.4 99.6 100.6 4.0
.1 0.4 §8.5 101.7 102.4 4.0
d.1  bua 8.4 100.6 102.2 &5
6.7 0.3 ¥8.7 101.8 102.9 6.1
7.0 0.5 9.1 1019 102.8 6.6
b4 D4 99.1 102.0 103.0 6.3
5 B ?8.3 100.0 101.2 4.6
6.3 0.3 58.0 100.8 101.8 6.4
0.4 0.0 1.4 1,3 1.3 0
0.3 0.0 6.7 0.8 0.9 0.2

TAMEDFF —- TARGET 145 73 KTS. (ICAD)

E26
EZ7
E28
E29
E3D
E31
E32
E33

Avg.

Sul

B3 B3 53

4.4 B4 A0

94.5 BB.6 5.9

4.1 B.Y 4.2

9. BR.1 5.8

4.3 880 4.2

?4.% 8.1 .8

M. BB.6 b0

v 0.4 0.6 0.2
WEC 93 G 0.

6.2 0.4 100.4 101.1 1048 4.0
6.2 0.4 100.0 100.9 104.2 &0
6.0 0.4 7.8 101.2 1045 6.1
6.3 0.4 M6 99.8 W33 6.3
w5 0.4 I00.6 1014 1049 .9
6.1 0.4 9.7 1002 103.8 6.2
HO DATA e
60 0.4 1004 1017 10459 6.0

6,1 0.4 100.1 100,97 10A.3 6.
0.1 0.0 0.4 0.7 06 0A
0.1 0.0 0.3 05 04 04

- HOISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEMPERATURE HUKIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK
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DOT/T5C
10/14/83

93.1
94.3
¥1.7
96.2

2 238333

o3
g
e R e

....
L - T - — ]
P T e ]
== - i = - O]

—

it

[ S S B S e =]
T P T e T e e
Pl D e e OO

L= =
o
oL N e

el st i et 8 7
O LA LN e ped =l

3.5
0.2
2.1



EV

SEL

SITE: 4

Als

THELE WO, A.1-4.3
AERDSPATIALE Sh-365N HELICOPTER (DAUPHIN)
SUHHARY NOTSE LEVEL DATA

hS HEASURED #

CENTERLINE - 150 M. MEST

SEL-Ale KiA) O EPHL  Pifle FPHLT K{P)

TAMEDFF -~ TARBET I4S 75 TS, (T/0 FRON HOVER)

BAIT
GA38
GAI?
GA4D

A .

92.%
93.1
92.5
91.9

92.8

Std Dv 0.4
0% C1 0.7

87.4
8.0
85.4
83.5
84.8

1.0
1.2

o O g @M
e = L D

b2 04 9.9 100.0 1025 4.0
304 99.3 100.5 103.4 5.8
b4 0.4 9%.8 100.% 4.
- PE.6 1.1 4.2
6.2 0.4 9.8 7 1022 A0
6.3 0.0 0.5 0B L0 0.2
0.3 0.0 067 10 12 b

TAKEOFF — TARGET IAS 75 KTS. (T/0 FROM GROUND)

BB41
Ge42
GE4A3
GB44
BBAG

Avg.
Std Dv 0.6
90% CI

91.1
91.3
0.4
90.3
90.1

$0.7

0.8

831.7
84.3
831
82.3
B2.4

83.1
0.9
0.8

o s
L= B R R o ]

0.4
0.3

6.7 0.4 75.8 o6 98B 67
G4 0.4 6.2 961 V9.4 6.4
6.5 0.4 Fo.2 9T 9B 46
&8 0.4 M7 w2 F1.2 1)
6.5 0.4 ML I YRD A9
.6 0.4 ¥3.3 95 B2 A7
0.2 0.0 6.7 1.0 L0 03
0.2 0.0 Bl L Lk

9 DEGREE APPROACH — TARGET 145 75 KI15.

52 931
S  89.0
S 89,3
Ha5 bd .
W56 90.0
Avg.  90.5
St Dv 1.7
0% Cl 1.6

8.3

1.5 0.5 96.5 9B.1 991 A%
17 0.5 2.4 %21 %0 TR
3.1

1.6 DS 92.6 A 5 [ o
&9 04 6.2 .0 B2 b
3 05 5.9 e 957 A4
7.4 0.5 4.1 95.00 fe0 7.1
6.3 0.0 1.8, 25 28 (0.5
6.3 0.0 ey SE L THRN- = T |

¥ - NDISE INDEXES CALCULATED USING MEASURED DATA UNCORRECTED
FOR TEMPERATURE HUKIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK
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THELE NO. A.1-5.3

AERDSPATIALE SA-J4SN HELICOPTER (DAUPHIM) DOT/TSC
10/14783
SUHMARY WO1SE LEVEL DATA
fS HEASURED #
BiTE: § CEHTERLIHE - 188 K. EAST JUHE &,1983

EV BEL  Ale SEL-Am Kip) O EPHL Fils PHLTe K{F)  DASPLa DUR(A) DURIP} TC

TAKEDFF -- TARGET 1AS TSHTS. (T/0 FRON HOVER)

BA37 977 7.3

.4 55 0.5 1031 1064 10B.Y 5.7 Py =B By 2
638 §7.4 926 4.8 5.9 0.5 102.9 105.% 108.4 5.8 94y AT &0 29
BAIZ 97.5 F3A A2 Db 0T 103 0 109.1 T 9.3 55 50 27
Gh40 94,7 2.3 44 5.7 05 W00 1055 107.6  S.b 9.8 40 60 2.2
bvg, 92,4 92,8 44 5B 0.5 1028 1061 10B.S  5.7 5.4 59 5 b
Stdv 0.4 05 0.2 0.2 0.0 0.5 B 0.7 0.l 0.7 G5 05 0.3
WILl %3 046 03 02 0.0 0.8 0.5 0.8 0 0.8 Gb 0.5 0.4

TAMEDFF -~ TARGET 1S FGMTS. (T/0 FROM GROUWD)

BBl F6.2 §l4 49 EE 04 100.5 1034 1065 6. 2.6 7.0 A5 34
GB42 953 9.3 G0 4.1 0LS - 105 1058 = 5.7 &5 = 2.9
GBAT 945 BF.6 4 5B DA 99.7 102.2 4% L% M.E 70 &5 27
GB44 95.0 89.2 5.9 4.2 0.4 1003 100.2 1047 6. .2 9.0 BSOS
GBAS 4.4 BE.BE 5.6 6.2 05 9.6 100.% 103.% &5 .2 B0 75 3D
fvg. 95,0 89,9 5.2 A0 0.4 100.3 102,01 105.2 4.2 91,20 Fap T 3N
Gtd Dv 0.7 1.0 0.5 0.2 0.0 .y 14 A8 03 0 126 g piE
wWr el 0.7 1.0 04 0.2 0.0 1.0 10 1.6 0.3 1.0 4 11 63

5 DEGREE APPROACH -- TARGET [A% T3HTS.

H32 M5 8BB4 60 63 D4 98.6 104.7 1027 6.4 8.8 7.0 B85 0.9
HEZ %60 M4 55 65 0S 99.4 102,57 103.8 6.3 ¥8.4 7.0 8.0 0.8
Hed 956 #0155 4.0 0.4 99.6 103.2 13 5.9 9.9 8.0 B 1.
HEE 954 90.8 3.8 5% 0.5 98,7 102.5 1031 63 9.3 7.0 B0 0.4
He6 931 B9 57 63 0 9%.2 103.1 1041 5§ 1000 B0 75 0.9
fvg. 9§3.3 898 5.5 6.2 DA §9.1 102.7 1034 6.2 9.3 7.8 8.0 0.9
844 v 06 0.9 0.4 0.2 0.0 1 T <1 T T S 1 0.7 0.8 D04 0.2
WICl 0.5 0.8 04 0.2 00 0.4 0.6 0.7 0.2 0.7 0.8 03 0.2

% - NOISE IWDEXES CALCULATED USTHG WEASURED DATA UNCORRECTED
FOR TEMPERATURE HUKIDITY,OR AIRCRAFT DEVIATION FROM REF FLIGHT TRACK
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HELTCOFTER: [DaALPHIN TABLE B.1.1
TEST DATE:  d4-4-83

OPERATION: 300 FT FLYOWER(D.93UH)/TARGET 1A3=135 KT3

MIC SITE: g

RUM NO. SEL(DB) AL(DE) TC10-DB) ALY 0

Al B 78,3 A b M

A2 g 7% M 2] A

A3 H N A 2 MA

Ad 7l Bl.7 il e b

Al 85.7 74.8 HA N HA

fd Bé.4 4.8 M ] H

T Bd.4 73.1 N M M

AB B3.9 4.4 N M M

A7 B4.5 73.2 N 2] W

All B3.5 7% N Gl N
AVERAGE Bé.B0  77.10
N ¥ g
STD.DEV, .41 .87
04 €.1, 0.87 1,14

HELICOFTER: DAUPHIN TABLE B.1.2

TEST DATE:  4-6-B3

DPERATION: SO0 FT FLYOVER(D.P#VH)/TARBET IAS=133 KTG

HIC SITE: 1

RUN NO. GEL(DB) AL(DB) TL10-DED LAY i
Al 8.1 Bl.1 g 7.3 o

#2 B8.3 8.2 i 7.3 o8

#d 87.3 Bd.5 g 7.4 o

LU #0.1 BZ.¥ A Hé Ha

A3 Bé.3 71 12 [ 9

Ab B6.3 79 10 7.3 i

A7 B4.5 8.9 13 5.8 o

A 84.4 79.4 10 7l ]

A7 Bé.2 78.7 13 b.7 .4

atl B3.8 78.5 10 7.3 od
HJERABE 7.0 7R 1070 J.0 3
N L] 10 § § b

S70.0EV. 1.3 .44 1.58 24 05

0% C.1. 0.78 0.84 0.7 ki) 03




APPENDIX B

Direct Read Acoustieal Data and Duration
Factors for Flight Operations

In addition to the magnetic recording systems, four direct-read, Type-1
nolse measurement systems were deployed at selected sires during flight
operations. The data acquisition is deseribed in Section 5.6.7.

These direct read systems collected single event data consisting of
maximum A-weighted sound level (AL), Sound Exposure Level (SEL),
integration time (T), and equivalent sound level (LEQ). The SEL and dBA,
as well as the Integration time were put into a computer data file and
analyzed to determine two figures of merit related to the event duration
influence on the SEL energy dose metric. The data reduction is further
described in Section 6.2.2; the analysis of these data is discussed in
Section 9.4,

This appendix presents direct read data and contains the results of the
helicopter noise duration effect analysis for flight operations. The
direct read acoustical data for static operations is presented in
Appendix D.

Each table within this appendix provides the following information:

Run No. The test run number

SEL(dB) Sound Exposure Level, expressed in decibels

AL(dB) A-Welghted Sound Level, expressed in decibels

T{10-dB) Integration time

K(A) Propagation constant describing the change in dBA with
distance

Q Time hiistory "shape factor”

Average The average of the column

N Sample size

Std Dev Standard Deviation

2 1 64 Ninety percent confidence interval

Miec Site The centerline mircophone site at which the measurements

were taken




HELICOFTER: DAUPHIN TABLE B.2.2
TEST DATE:  &-4-B3

OPERATION: 500 FT FLYOVER{D.B#/H)/TARGET 1AS=120 KTS

MIC SITE: 1
RN NO. SEL(DB)  AL(DB) TC10-0B) KA o
Bi 859 78 75 5

B2 84 M4 1 I M

BI3  85.6 783 1 7 5

B4 88,8  78.4 10 1.2 1
AJERABE 85,60  78.30 10,80 B.20 7
N q 3 L] 3 3

5T0.DEV, 1.4% 0.23 0.50 1.72 )|

s C.1. 1.74 0.42 0.59 2.7 a2

HELICOPTER: DAUPHIN TABLE B.2.3
TEST DATE:  4-d-B3

OPERATION: 500 FT FLYDVER(D.B%VH)/TARGET IAS=120 KT8

HIC SITE: 4

RUN ND. SEL(DB) AL(DB) T(10-DB)  K(A) i
Bll 84% 7.8 | 6.8 3

Bl2 832 77.8 1 71 3

Bl3 g5 7735 12 6.9 i

Bl4 B33 77.8 12 6.9 B
AVERAGE g0 7770 1L 7.00 ]
N 4 i 4 4 4

STD.DEV. 0.18 0.15 0.58 A2 {02

54 C.1. 0.21 0.8 0.48 4 A2




HELICOFTER: DAUPHIN TABLE B.1.3

TEST DATE:  4-4-B3

OPERATION: 500 FT FLYDVER(D.7#VH)/TARGET 1AS=135 KTS

MIC SITE: 4

RIN NO. SEL(DB) AL(DB) TCIB-DB) k(A B

Al 8.5 801 1 5

A2 8 80,7 7.3 5

A3 B4 T79.8 0 4 5

Ad 89 824 y &2 5

A5 859 78,5 13 64 4

ab 857 787 R 5

A7 859 7.3 13 4.8 4

A8 B5.7  78.8 10 4.9 5

A9 85.5 78,3 12 47 4

Al 85.2 78,3 i A 4

AVERABE B850 79.40 1100 4.0 5

N 10 10 10 10 10

STO.DV. 1,26 139 1.3 . M

WACI. 0.3 0.8 0.7 A5 .02
HELICOPTER:  DAUPHIN TABLE B.2.1

TEST DATE:  6-4-83
OFERATION: 500 FT FLYDVER(D.B#JH)/TARGET 1AS=120 KTS

HIC SITE: 3

RUM WO, SELC(DB) AL(DB) TC(10-0B) KiA)

Bil B3.4 78.9
B12 B5.4 78.2
B3 4.7 77.8
B14 B4 9.2

£E5EE
EEEE
EEEE

AJERAGE 8330 78.50
N 4 4
5T0.DEV, 0.4é 0.44

#0% C.1. 0.54 0.73




HELICOPTER: D4UPHIN TABLE B.3.3
TEST DATE:  4-4-B3

DPERATION: 500 FT FLYOVER(D,7#JH)/TARGET 1AS=105 KT§

MIC SITE: 4

RIN NO. SEL(DE)  AL(DB) Ti10-0B) KiA) g

L3 B 74,8 14 7.2 %]

Cid B5.1 1.3 13 ? v

17 b3 b3 13 3] W

Ci8 B3.5 7.2 13 7.3 o3

iy B3.3 77.4 13 7.4 3

£20 B3.1 74.8 13 1.3 %]

AJERAGE 8520 7740 13,3 7.20 o5

N 3 3 é 3 6]

5T0.DRV. .20 0.28 0.4l 21 .03

0% C.T. 0.19 0.27 0.34 w2 03
HELICOPTER: DAUPHIN TABLE B.4.1

TEST DATE:  d-4-83

OPERATION: 1000 FT FLYOVERCO.Z#JH)/TARGET I1AS=133 KIS

HIC SITE: g

RUN NO. SEL(DB) AL(DB) T(10-DE) KiAd f
021 B2.4 73.3 H e ]
b2z B2.2 73 N M M4
023 B2.7 74.1 ) A W
D24 B2.4 72,9 MA M e
025 B2.4 73.3 M M WA

AVERAGE B2.50 7L.M
N ] 3
510.DEV, 0.1% 0.47

204 C.1, D.1% 0.45




HELICOPTER: DaAUPHIN TABLE B.3.1
TEST DATE:  4-4-B3
OPERATION: 500 FT FLYOVER(O.7VH)/TARGET 1AS=105 KTS

HIL SITE: ]

RLM ND, SEL(DB)  AL(DB) T{l10-DB) Kigd

=

15 B4.7 77.3 A N4 Hi
Cld B3.4 7.7 N M )
Ci? B5.2 7.1 N W 2]
Cif 85.2 7.2 M A WA
Cig 83.4 7.4 ] M e
] B3.5 77.2 M HA W
AVERAGE B5.30 7740
N 4 é
STD.DEV, 0.22 0.24
0% C.1. 0.i8 0.20
HELICOFTER: DAUPHIN TAELE B.3.2

TEST DATE:  4-4-B3

OPERATION: 300 FT FLYOVER(D.7=UH)/TARGET 14S=105 ¥T5

MIC SITE: 1

RUN NO. SEL(DB)  ALCDB) T(10-DB) KiA) g
Wk B3.2 74.9 13 7.3 .0

L4 85.7 77.8 12 7.3 3

L7 B3.5 77,8 12 7.4 ]

Cig B3.3 7.4 13 7.4 od

C19 85.7 .1 12 7.4 ]

a0 B3.4 77.4 12 7.4 ]
AVERAGE B5.50 7740 12,30 7.40 ]
N é 8 d & 4

STO.DEY, 0.21 0.38 0.52 05 01

f0% C.1. 0.17 0.2% 0.42 04 01




HELICOPTER: DALPHIN THBLE B.3.3

TEST DATE:  4-4-83

OFERATION:  ICAD TAKEDFF

HIC SITE: 4

RIM NO. 3SEL(DB) ALCDB) T(10-0B) Kia) 2
E2d 73.2 85.4 Iz 1.2 ]

E27 §2.3 84.4 13 6.7 3

E2B 72,7 B3.3 13 4.5 L

E29 91.8 84.8 13 ded 4

E30 §2.3 85.5 12 L 4

Edl l.é Ba.1 14 7.4 o

E32 1.5 83.3 13 7.4 3]

E33 2.3 4.4 12 5.5 3

Edd4 78.2 ¥3.4 g 4.7 ]
AVERAGE 72,90 gs.00  11.60 .30 4
N 7 ) | § g

STD.DEV, 2.07 3.48 2.99 2 07

90% .1, I.28 2.18 1.85 37 04

HELICOPTER: DAUPHIN TABLE B.é:}
TEST DATE: 4-4-83

OPERATION: & DEGREE 1CAD APPROACH

MIC SITE: a

RUM NO. SELCDB)  AL(DB) T(10-DB) i) f
Fi5 1.1 Bd.d Ll M A

F34 ¥2.4 B3.% ] hé N

Fdd 7.8 Ba.d A M h 3

F47 3.3 87.8 3] N e

Fig 53 BE.4 Wi N A

F49 §5.2 B8.1 A M4 M

Fal 93.8 87.4 by 2} M h 2

F31 3.9 Ba A 4 A

AJERAGE §4.20  B7.40

N ] ]

ST0.0EV, 1.43 1.B8

§04 C.1. 1.09 1.26




HELICOGPTER: DAUPHIN TABLE B.4.2
TEST DATE:  d-4-B3

OPERATION: & DEGREE 1CAD APPROACH

HIC SITE: !
RUM NO. SEL(DB) ALCD8) T(10-0B) fia) i
F33 737 B7.2 10 8.5 4
Fi4 7.5 g2.7 13 6.8 o4
Fdé 3.2 B5.7 10 7.3 o8
Fa7 74.3 7.4 10 6.9 4]
F48 4.3 B4.5 12 7.2 %]
Fa7 L gd.1 13 741 ]
Fal 4.4 Bé. 8 12 7.2 at
Fsl 4.8 9.1 F 4 4
AVERAGE 3,70 B&.40  11.1D 4.90 3
N B B 8 B 8
STE.DEV, 1,38 1.7¢ 1,55 <48 Hik]
G 0.9l 1.18 1.04 .32 03
HELICOFTER: DAUPHIN TABLE B.é.3
TEST DATE:  4-4-B3
OPERATION: & DEGREE 1CAD APPROACH
HIC BITE: 4
RUM NO. SEL(DB) AL{DB) T{10-DB) KiA) 0
F33 93.7 1.2 ] 3.8 ]
F24 #0.3 B2.4 il 7.4 .6
Fdd 91.1 B3.3 L 3 N Wi
F47 ¥2.4 Bd.7 13 7.l od
F4g E] B4.% 13 7.3 v
F49 §2.%9 B3.1 13 7 .3
Fi0 F2.5 a4 13 7.4 '3
F3l 52.8 Bé 11 b5 A
AVERAGE #2.40  85.30  11.4D 7.0 ad
N B 8 7 7 7
5TD.DEV. 1.54 2.42 2.57 ] .04

#o L1, .03 1.74 1,87 .48 03




HELICOPTER: DAUPHIM TABLE B.4.2

TEST DATE:  5-6-83

OPERATION: 1000 FT FLYOVER(D.PsVH)/TARGET 148=135 KTS

MIC SITE: l

RUN NO. GEL(DB) AL{DB) T¢10-DB) Kiad ]
D21 Bl.1 2 19 7.1 A

D22 Bl.3 71.4 20 1.4 .3

p23 B1.7 73.2 15 7.2 ]

D24 81.8 72 17 I ad

023 B2.4 73.8 18 4.9 4
AVERAGE 81,70 7230 18,20 7.30 ]
N 3 G/ 3 5 d
5TD.DEV, 0.3 0.79 1.%2 34 04

0% C.1. 0.48 0.74 1.83 33 04

HELICOFTER: DAUPHIN TABLE B.4.3
TEST DATE:  d-4-83

OFERATION: 1000 FT FLYOWER{D,9#JH)/TARGET 145=135 KTS.

HIC SITE: 4

KN NO. SEL(DB) AL(DB) T(10-DB) Kia) g
021 Bl 72.1 18 7.1 4

022 B0.7 0.4 22 1.7 od

023 Bl.4 3.1 13 7.2 ]

024 Bl 7 20 Y o

D25 B2.4 74.3 14 4.9 4
AJERAGE 2} | R | R 7.30 3
N g b ] ] 3

5TD.DEV, 0.48 L.dd 3.35 33 A3

704 C.1. 0,63 1.57 3.17 .34 03




HELICOPTER
TEST DATE:

OFERATION:

RN WO,

E24
E2?
E28
EZ9
E30
E3l
B3z
El3
E3d

AVERAGE

STO.OEV,

0% €.I

HELICOPTER:
TEST DATE:

OPERATION:

RUN ND.

E24
E27
Ez8
E27
E30
E3l
E32
E33
E34

AJERAGE
N
5TD.0EV.

04 C.1.

t DAUPHIN TABLE B.5.1

é-6-83
ICAD TAKEDFF

HIC SITE:

SEL(DBY  AL(DB} T{10-DE) Kial

W W M N4
3.3 B%.2 W 3]
3.4 ar.7 L] M
73.3 By ] M
§3.4 B%.7 W My
#3.1 88.3 N H
73.4 Bg.7 N4 N
¥5.7 89.7 Mt ]

1a0.1 §7.8 N M
¥4.00  90.30
B B
1.65 .07
1.4 2.05
DRUPHIN THBLE B.5.
d-4-83
ICAD TAKEDFF
MIC SITE:

SEL{DEY  ALCDB) TCI0-DB) Kia)

4.8 & 7 7.1
74.3 Bs.7 12 7
94,3 Bg.2 ¥ CH
93.3 Bé.1 12 8.7
§3.3 B7.3 10 6.2
$3.7 B4.8 11 d.d
93.3 Bé.3 11 8.7
73.9 Bé.é 10 7.3
7.3 94,7 3 3.4

F4.50  BB.10 8,70 .40
¥ ¥ H §
1.84 3.30 2.74 209

L3 2.04 1.70 34

on

[

EELSEFEEET

S T el S
O~ O LR £ de e LA CA L

-
L5 ]

é

04




HELICOPTER: DWUPHIN TABLE B.7.3
TEST DATE:  4-4-83

OPERATION:  DIRECT CLING TAKEOFF (BEST RATE OF CLINE)

HIC SITE: 4

RUN NO. SEL(DB)  ALCDB) T(10-DB)  K(&) 0
@7 9.7 8.5 8 69 5
BA3R 942 88.4 B 42 5
A3 M3 882 T i
I 9.6 B2 9. kY 5
AVERAGE  94.00  87.90 B850 4.50 .5
N 4 4 4 4 4
STO.OEV.  0.35 0.6 0.58 3.0

0% C.1. 0.41 0.73 0.48 33 04

HELICOFTER: DAUPHIN TABLE B.B.1
TEST DATE:  4-4-83
OFERATION:  DIRECT CLIMB TAKEQFF (BEST ANGLE OF CLIME)

NIC SITE: §

RN NO. SEL{DB) AL(DE) T(10-DB) Kia)

=

GB41 §4.5 #l.3 N 4 W
GB42 95,7 70.4 ] ] HE
GBd3 4.7 B?.5 he M ]
GB44 §5.4 ga.9 M ] HA
G845 94.7 B8.4 ] N hey

AVERAGE 93.40  89.70
N 3 ]
ST0.DEV. 0.74 .14

0 L.l b.72 1.41




HELICOFTER: DaUPHIN

TEST DATE:

OPERATION:

RUN ND.
GA37
BA3e
GA3Y
BA4D

AVERAGE
N
ST0.DEV.

0% C.1.

&-6-83

TAELE B.7.1

DIRECT CLIME TAKEOFF (BEST RATE OF CLIME}

HIC SITE:

EEL{DE) ALCDB) TC10-DB) Kif)

781 2.5
§2.7 §z.y
57.% §3.3
94.% 93.2
§7.700  93.00

4 4
0.53 0.57
0.2 0.48

HELICOPTER: DAUPHIN

TEST DATE:

OPERATION:

RN NO.
GA37
GA38
BA3e
GA40

AVERAGE

STD.DEY.

90% C.1.

-4-83

A ]
H N
A M
Ha M
TABLE B.7.2

]

EEFE

DIRECT CLIMB TAKEOFF (BEST RATE OF CLINE)

SEL{DE) AL(DB) TCI0-0B)

95.9 0.4
9% 90.4
96,8  91.5
9.4 0.6
96.20 90,80
4 4
0.31 0.43
0.7  0.53

B I = o e |

4.80

k.50

.59

MIC SITE:

Kig)

O O O~ O
EN S e ofa

é.40

.13

15

l

B S
[ N A ]

A2

03




HELICOFTER
TEST DATE:

OPERATIMN:

RN NO.

H32

H33

Ha4

H33

H34
AVERAGE

N

5T0.0RV,

0 C.1.

HELTCOPTER:

TEST DATE:

OPERATION:

RIN NO,

Hs2

Ha3

H34

H33

H34
AVERAGE

N

STD.DEV,

g% C.1.

1 DAUPHIN TABLE B.7.1
6-4-83
¥ DEGREE APPROACH
MIC SITE: 5
GEL(DB}  AL{DB) T{10-DB) Hia) o
4.3 BB Ll 3 2] N
§d 50.1 ] M 2
59.5 89.8 ] M N
94 7.2 L] 3] W
4.9 By WA A A
75.30  BR.40
3 3
0.74 1.20
0.70 1.14
[MLIPHIN TABLE B.9.2
4-6-83
7 DEGREE APPROACH
HIC BITE: l
GEL{DBY  AL(DBY T(10-DB) Kia) i
¥5.5 B72.% i2 7 '3
7l B2.3 13 7.4 o
¥i.l 3.9 12 7.4 N
74.2 Bé.3 1 7.4 A
4,1 87 10 7l ]
93.40 B5.40  11.40 .40 .3
J 3 3 ] 5
.80 2.27 114 27 03
1.72 2.1é .09 24 03




HELICOFTER: DAUPHIN TABLE B.8.2
TEST DATE:  4-4-83
OPERATION:  DIRECT CLIMB TAKEDFF (BEST ANGLE OF CLIMB)
NIC SITE: 1
RUN MO, SEL{DB)  AL(DB) T(10-DB) Kia) g
B4l 4.7 88.1 11 4.3 o4
642 L B7.4 10 .4 4
GBd3 §2.% Bd.2 12 4.2 o
GBad 93.7 Bé.7 12 4,5 .4
6845 F2.7 gd 12 4.2 o4
FERAGE §3.60 B&.FD  11.4D 6,30 .4
N 3 5 ] 3 b
STD.0EV. 0.82 0.70 0.8% 17 02
JiE i I 0.7e 0.84 0,85 12 02
HELICOPTER: DAUPHIN TABLE B.B.3

TEST DATE:

OPERATION:

RLN O,
GEd1
G642
LR
GE44
GB43

FAVERAGE
N
§TD.0EV.

0% C.1.

4-6-83

DIRECT CLIMB TAKEOFF (BEST ANGLE OF CLIMB)

SEL(DA)

==2=2=2=
= ma e lo

#1.10

3

0.71

0.48

MIC SITE:

AL{DB) T{10-0B)

B3 12
Ba.1 12
B3.8 i3
B3.8 12
g3 15
8410 12.80

3 3
0.8% 1.3
0.85 1.2

Ki#d

& On O= O~ O
a3 LN R LD e

6.30

A1

b

4

A

A

Q2

02




APPENDIX C
Magnetic Recording Acoustical Data for Static Operations

This appendix contains time average, A-weighted sound level data along
with time average, one-third octave sound pressure level 1uformatien for
eight different directivity emission angles. These data were acquired
June 6 using the TSC magnetic recording system discussed in Section
Jebala

Thirty-two seconds of corrected raw spectral data (64 contiguous 1/2
second data records) have been energy averaged to produce the data
tabulated in this appendix. The spectral data presented are "As Measured"
for the given emission angles established relative to each microphone
location. Also included in the tables are the 360 degree feight emission
angle) average levels, calculated by both arithmetic and energy averaging.
The data reduction is further described in Section 6.1. Figure 6.1
(previously shown) provides the reader with a quick reference to the
emission angle convention,

The data contained in these tables have been used in analyses presented in
Sections 9.2 and 9.7. The reader may cross reference the magnetic
recording data of this appendix with direct read static data presented in
Appendix D,




HELICOPTER: DAUPHIN TABLE B.%.3
TEST DATE:  4-4-83
OPERATION: 9 DEGREE APPRDACH

HIC SITE:

RUN NO, SELCDB)  AL(DE) T(10-DE) RiA)

H32 73.3 85.2 12 1.3

Ha3 Ba.7 7P 14 7.7

K34 ]l Bl.l lé 7.4

H35 72,1 B4 i3 7.3

H3é .3 8l 14 7.6
AVERAGE 71,00 82.30 14.40 7,30
N g 6] b] 6]
STD.DEV. 1.74 2.78 1.93 A7
§0% C.1, 1.44 2.18 1.B4 Jé

.02

02
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APPENDIX D

Direct HRead Acoustical Data for Static Operations

This appendix contains time averaged, A-weighted sound level data {Leg
values) ohtained using direct read Precision Integrating Sound Level
meters. Data are presented for microphone locations 5H, 2, and 4 (see
Figure 3.3).

A description of the measurement systems is provided in Section 5.6.2, and
a figure of the typical PISIM system is shown in Flgure 5.4. Data are
shown in Table D-1, depicting the equivalent sound levels for eight
different source emission angles. In each case the angle is indexed to
the specific measurement site. A figure showing the emission angle
convention is included in the text (Figure 6.1). In each case, the Leq
{or time averaged AL} represents an average over a sample period of
approximately 60 seconds.

Quantities appearing in this appendixz include:

HIGE Hover-in=-ground=effect, skid height 5 feet above
ground lewel

HOGE Hover—out—of-ground-effect, skid height 30 feet
ahove ground level

Fiight Idle Skids on ground

Cround Idle Skids on ground




DRUFHIN
-6-83

SITE 2 {SOFT .SITE)

HIGE

I-0 74,50
1315 74,40
1=270 HA
1-225 ]
1-180 B2.00
1-133 7300
1-%0 74,80
I-43 7420

SITE 4 {S0FT SITED

H1GE

1-0 48,10
=313 48,10
1-270 L1
[~223 72.90
I-180 7940
[-133 g6.30
- 7190
§-43 7120

SI7E S8 (HARD SITE)

HIGE

1-@ 74,30
1-:5 77,80
-2 84,90
1=225 83,20
1-180 B1.70
I-135 £2.30
1-Pd 77.40

1-43 80,50

TABLE D.1

STATIC OPERATIONS
DIRECT READ DATA
¢ALL WALUES A-WEIGHTED LEQ, EXPRESSED IN DECIBLES)

HOGE

K-313
K-270
K-225
K-180
K-135
K-8

E-43

HOGE

k=313
K-270
k=223
fi=180
K133
K-%0

¥-43

HOGE

k-1

K-315
K-270
K-223
k=180
#-133

K=d3

77.70
80,10
gi. 40
82,60
g2.70
7910
B0.00

80,80

70,10
7L 80
73.%0
73.30
73.20
73.20
71.30
4,20

82,30
88,10
B3.80
7.7
Bé.40
83.20
7.3
82,80

FLT, IDLE

J=0
J-315
=270
J=183
J-180
J=133
J-%0
d=43

FLT. TOLE

d=0
4-313
J-270
1-223
J=181
J=t33
J-70
[-43

ELT.IDLE

J-1
J-313
§=270
J=223
J=180
d-133
J-90
=43

&9.0
74.10
76.00
73.40
43.00
67.100
70.40

43.00
71.20
&9.30
dé.00
a8.20
§7.70
42,70
a1.40

74,40
77.80
78.31
7,20
T
4,90
80.50
75,40




APPENDIX E
Cockpit Instrument Photo Data and Observer Data
Cockpit Instrument Photo Data: Tables E.l.l-E.l

During each event of the June 1983 Helicopter Noise Measurement program
cockpit photos were taken, The slides were projected onto a screen
(considerably enlarged) making it possible to read the instruments with
reasonable accuracy. The photos were supposed to be taken when the
aircraft was directly over the centerline-center microphone site,

Although this was not achieved in each case the cockpit photos reflect the
helicopter "stabilized" configuration during the test event. One
important caution is necessary in interpreting the photographic
information; the snapshot freezes instrument readings at one moment of
time whereas most readings are constantly changing by 2 small amount as
the pilot "hunts" for the reference condition. Thus fluctuations above or
below reference conditions are to be anticipated. The instrument readings
are most useful in terms of verifying the reglon of operation for
different parameters. The data acquisition is discussed in Section 5.3

Each table within this appendix provides the following informarion:

Event No. This event number along with the test date provides
& cross reference to other data.

Event Type This specifies the event.

Time of FPhoro The time of the range control synchronized clock
consistent with acoustical and tracking time
bases.

Heading The compass magnetic heading which fluctuates

around the target heading.

Altimeter Specifies the barometric altimeter reading, one of
the more stable indicators.

IAS Indicated airspeed, a fairly stable indieator.

Botor Speed Main Rotor speed in RPM or percent, a very stable
indicator.

Tarque The torque on the main rotor shaft, a fairly stable
value.




Cockpit Observer Data: Tables E.2.1-E.2.3

In addition to the cockpit photographer, an FAA flight test observer from
the FAA Southwest regional office (lead region for rotorcraft
certification) recorded data during each event of the Dauphin test. That
data is included here as further documentation of the helicopter
instrument readings during the cests.

Each table provides the following information:

Event HNo. This event number along with the test date
provides a cross reference to other data.

Event Type This specifles the event.

Time of Obserations The time of the range control synchronized clock
consistent with acoustical and tracking time

bases.
Heading The compass magnetic heading which fluctuates
around the target heading,
TAS Indicated airspeed, a fairly stable indicatoer.
Mrimeter Specifies the barometric altimeter reading, one

of the more stable indicators.

Temperatura The outside air temperature, in degrees
centigrade.
Rotor Speed Main rotor speed in RFM or percent, a very

gtable indicator.

Torque The torque on the main rotor shaft, a fairly
stable value.

Fuel The amount of fuel in each engine, expressed in
kilograms.
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APPENDIX F
Photo-Altitude and Flight Pach Trajectory Data

This appendix contalns the results of the photo-altitude and flight path
trajectory analysis.

The helicopter altitude over a given microphone was determined by a
photographic technique which involves photographing an aircrafc during a
flyover event and proportionally scaling the resulting image with the
known dimenzsions of the aireraft. The data acquisition is described in
detall in Section 5.2. 'The detailed data reduction procedures Is set .out
in Section 6.2.1; the analysis of these data is discussed in Section H.1

Each table within this appendix provides the following information:

Event Ho. the test run number

Est. Alt. estimated altitude above miecrophone site

P-Alt. altitude above photo site, determined by
photographic technique

Est. CPA estimated closest point of approach to microphone
site

Est. ANG Helicopter elevation with respect to the ground as

viewed from a sideline site as the helicopter
passes through a plane perpendicular to the Flight
track and coincident with the observer locatiomn.

ANG 5-1 flight path slope, expressed in degrees, between
P=Alt site 5 and P-Alrt ‘site l.

ANG 1-4 flight path slope, expressed in degrees, between
P=Alt Site 1 and P-Alt Site 4.

ANG 5=4 flight path slope, expressed in degrees, between
P-Alt Site 5 and P-Alt Site 4.

Reg C/D 4ngle flight path slope, expressed in degress, of
regression line through P-Alt data points.




HEL1COPTER:
TEST DATE:

OPERATION:

EVENT NO

Al
A2
A3
A4
A
Ad
Ar
A
A7
All

HEL1COPTER:
TEST DATE:

OPERATION:

EVENT HO

B11
B12
B13
Bl4

DAUPHIN

4-6-83

S00 FT FLYOVER(D.7#UH)/TARGET 148=133 KTS

HIC RS
EST,
ALT. P-ALT,

N q62.4

Nt 442.5

N d14.2
37a.7  393.8
484,2  4BS5.4
g03.8  503.1
478.6  478.3
491.2  4%1.3
486.2 4844
S07.3  504.B

DALPHIN

&-6-83

300 FT FLYOVER(D.B#UH)/TARGET

HIC #3
EST.
ALT. P-ALT,

475.F  474.2

440 442
492.1 493
443.1 439.8

CENTERL INE

HIC 1

EST.
ALT.

N4

N

M
423
484.8
0é.4
479.4
1%4.3
484.8
305.4

P-ALT,

TEEE

418,

—

304

£of

493,

% in

ulZ

—

CENTERLINE

MIC Bl

EST.
ALT.

424,64
439.9
84,4
445.1

P-ALT.

A
435.4
H
451.4

HIC #4
EST.
ALT. P-ALT,

M ]
N M4
N e
447.3 N
484  4p4.2
508.7 508.2
479.8. 4797
J00.4  500.7
484 484.2
J03.9  §00.7

IAS=120 KTS

HIC B4
EET.
ALT. P-ALT.
452.9
439.9
483.3
444.4

491.2
442.4
484.2
442.5

TABLE F.1
S1DELINE

HIC H2 MIC #3
EST. ELEV  EST.  ELRV
CP4 G CPa Bl
N4 M M h
M 2 WA e
] M 3] M
448.9 40,7 430.3 N
470.7 44,4 490.8 W
J08.2 458 705.7 45,9
6B4.9  44.3  4B4.Y N
478.9 45,3 4PB.4 453
490.7 44,4 490.8 ]
705.4 45,8 7055 45.8

TABLE F.2
SI1DELINE

HIC #2 MIC #3
EST. ELEV EET. ELE
CPA ANG CFA ANG
692 447 671 W
673.3 431 &35 43
492 44,7 4925 ha
4d3.4 42,1 4433 42,

SEREEET=EEE

(=]

L3

RESEREETEEE

]
-

AN
1-4

0.80

_l nﬂu

5-4

BLEEEE

!

{ =)
o
R =

0
=0.13
-0.24

REG.

ANGLE

S I e - A -

REE,
£/0
ANBLE

L}
PR
M e = =



HELICOPTER: DALPHIN
TEST DATE:  4-4-B3

OFERATION: 50D FT FLYOVER(D.74UH)/TARGET 1AS=105 KTS

CENTERLINE

HIC &5 HIC #1 NIT B4
EST. EST. EST.
EVENT NO  ALT, P-ALT. ALT. P-ALT. ALT. P-ALT,

€15 50%.1  Si0.1  S503.3 N4 4987 500.7
Clé 481.8 4814 476 477.6 471.4 470.%
C17 4933 498.3 489.2 N 485.5 4B4.5
Cig  493.2 491.3 498.4 500.1 502.9 s500.7
Cif dee.6 447.8 459.3 W 455  454.2
L0 474.1 a7 473 4734 4740 475.2

HELICOPTER: DAUPHIN
TEST DATE:  4-4-83

OPERATION: 1000 FT FLYOVERCD.#UH)/TARGET IAS=135 KTS

CENTERLINE

MIC #3 HIC 81 HIC 84
EST. EST. EST.
EVENT N0 ALT. P-ALT.  ALT. P-ALT.  ALT. P-ALT.

D21 944.3 945,53 9F34.5 M
022 10321 1020 1041.7 1064 104%.3 103d4.5

§i2 §33.2 1A57.%9

P23 9972 PRRLT PR Mo 9F1.% PRZLE 1109.4

D4 7.2 FA 774 L S O B

TABLE F.3
SIDELINE
HIC #2 HIC @3
EST. ELEV.  EST, HLEV™
CPa ] CPA ANE
703,8 45,4 704.3 M
dB4.6 44,1 4B5.1 44
693.8 448 694.3 N
700.5  45.4 700 45.4
473.1 43 4737 ha
483.9 4 L 44
TABLE F.4
SIDELINE
HIC §2 HIC #3
EST. ELEV- EBT., ELRV
CPA ANG CPA NG
2.3 1058.8 N
1152 é4,7 1150.% 4.7
43,7 1110.1 NA
1091.2 83.2 1071.4 3.2

AN
3=

M
-0.10
]
1.00
4
=0.30

NG
il

3.10

-0.30

by 2}
-3.30
M
0.00

A6
54

-0.535
-0.42
-0.57

0.55
-0.48
-0.10

ANG
-4

=0.72

0.84
—5-43
-0.32

REG,
C/D
ANBLE

= e LA Lh B

REG,
£/o
ANBLE

CRECRE R



HELICOPTER: EAUPHIN

TEST DATE:  4-é-83

OPERATION:  ICAD TAREDFF

CENTERLINE

MIC #3 HIC B!
EST. EST.

EVENT NO  ALT. P-ALT.  ALT, P-ALT.
E24 Zigd 2138
E27 255.4 2353
Edg 247.] 2
E23 2044 238.2
E30 244 224
E3l 248.4 224.5
E32 233.8 215.8
E33 224.7 1211.4

3051
352,34
348,35
3411
32‘54?
3.8 342.%
3.7 HES
308.8 300

£86.3
3.4
335.3
d38.1
328.4

HELICOFTER: DAUPHIN

TEST DATE:  4-4-83

OPERATION: & DEGREE 1CAD APPROACH

CENTERLINE

HIC &5
EST.
ALT.

HIC #1
EST.
EVENT HO P-ALT.  ALT. P-ALT.
F3& 3224 323
Fds 294 268
F47 298.8 292.3
F48. 2943 284.3
F43 304.4 292.3
F30 293.F7 2A0.4

F31 78 290.3

384.3 K
30d.9  342.9
J44.4  31.%
J34.8 392
342.9 340
3d%.4 a0
33%.5 3.9

MIC #4

EST,

ALT. P-ALT,

373.8
429.3
413.4
408.4

353
419.7
373.7
34.2

Ha
408.1
400.2
368.8
371.3
394.3
374.7
358.4

HIC R4

EST.

ALT. P-ALT,

424.1
405.4
380.7
405.1
409.4
430.1
7.7

413.%
357.8
374.5
3925
3%4.3
414.3
384.8

TABLE F.5
S1DELINE
HIC #2 MIC #3
EST, ELEV  EST.  ELEV
CPA M6 CPA AN
5768 3.5 604 M
A05.1 g5 h9R v 3se
2.9 B3 64 M
598.7 347 592.4  35.2
590.7 334 5848 34,
6002 349 5933 355
588.4 33,3 S82.2  33.8
S80.9 320 5754 32.4
TABLE F.¢é
SIDELINE
MIC #2 MIC #3
EST. ELBV EST. ELEV
CPA MG CPA  ANG
625.5 3.0 405 M
078 3% 0.3 3.3
6005 35 7.2 353
7.8 36 4033 343
1.4 364 807 367
415.4 34,9 40%.4 32,3
5§7.8 3.6 5948 34,9

ANG
gl

B.40
12.70
M
11.50
12.00
13.30
11.40
10.20

ANG
1-4

4.4
4.40
4.70
1.20
&.50
3.30

e e O O Ee G L0
mmmmmu%

43 EO O Pl Sl L3

e == - - R S R |
R | W T -
B L S0 S OO LN A0 J

REG.
/0
ANGLE

LN oRA e O LR
& .. & w .=
= R T R - N - S -



HELICOFTER: DAUPHIN
TEST DATE:  4-4-B3

OPERATION:  DIRECT CLINB TAKEOFF (BEST RATE OF CLIMB)

CENTERLINE

HIC RS HIC # HIC R4

EVENT WD

w37
GA3e
BA3g
G40
B4l

EST.
ALT.

117.%
122.7
104.5
114,2
172.2

P-ALT.

108.8
113.8

#%.3
11.2
157.4

HELICOPTER: DAUPHIN

TEST DATE:

OPERATION:

EST.
ALT.

171.3
175.2
152.7
169.1
299.4

P-ALT.

163.¢
167.5
144.7
144.%

A

EST.

ALT. P-ALT,

214.2
217.2
18%.4
212.9
3721

205.1
08,2
182.4
211.4
332.3

TABLE F.7
SIDELINE
MIC #2 MIC #3
EST. ELEV  EST.  ELEV
CPa [yl CPa ANG
St 182 BB 19
Syt B b T | 0
5.2 172 5134 174
320.3 1% 18 174
= VT | | 348 ]
TAELE F.B

&-4-83

DIRECT CLIME TRKEOFF (BEST ANGLE OF CLINB)

CENTERLINE

EVENT HO

GB4]
GB42
G643
GB44
6B45

HIC #3

EST,
ALT.

232.3
181.7
199.5
213.7
221.%

P-ALT.

4
165.5
174.4

172
1%5.9

HIC #1

EST.
ALT.

305.8
78,1
N37
327.8
349.4

P-ALT.

253.9
264.2
30%.7
4.5
323.4

HIC #4

EST.
ALT.

344.2
336.9
al4.7
418.8
477.3

P-ALT,

332.3
340.4
378,1
376.3

2

HELICOFTER: DAUPHIN

TEST DATE:  é-4-83

OPERATION: 9 DEGREE APPROACH

CEMTERLINE

HIC 41
EST.
ALT.

HIC #3
EST.
ALT.

HIC #4
EST,
EVENT ND P-ALT. P-ALT, ALT. P-ALT.
341.4
377.5
363.4

348.8

474.9 458
474,64 462.9
449.3 438
470,64  452.%

363.3
38%.1
401.7
365.4

H33
H34
H33
Ha4

251.3
zﬁl] 4‘?
305.3
240.9

248.5
281.8
7.1
278,35

SI0ELINE
HIC &2 HIC #3
EST. ELEV EST. ELEN
CFA FG CPA ANB
773 3.9 S8 i
Gh3.7 2.4 G99.4 3.2
583.3 325 o758 331
.2 33,7 §B3.2 0 i
403,95 354  &10.3 M
TRBLE F.9
SIDELINE
HIC #2 HIC #3
EST, ELEM  EST. ELRV
CrA AHG CPA b
623.7 3.9 &lAE 3BT
427.2 38,3 418.8 .9
435.2 3%.2 8.4 3.7
625 3. dl4d 3B

d.40
4.20
5.30
4.20

ANG
31

11.31
15.40
14.20
14.40

B
a1

12.40
13.40

.00
12.40

T %
1
e

ol e o D
=as

F 22

5-4

5.3%
5.48
4,83
a.81
11.20

ANG
5-4

10.0%
11,48
11.73

11.84
11.04

B.82
11.04

REG.

ANGLE

i R
Fow - m
R == 3 =0 LA

REG.
C/D
FANGLE

.
o N S CWE O
- =
Ok Ok O == OO

REG.
/0
ANBLE

1.7
10
1.9
7.5




APPENDIX G

NWS Upper Alr Meteorological Data

This appendix presents a summary of meteorological data gleaned from
National Weather Service radiosonde (rawinsonde) weather balloon
ascensions conducted at Sterling, VA. The data collection is further
described in Section 5.4, Tables are identified by launch date and launch
time. Within each table the following data are provided:

Time

Surface Height
Height
Pressure
Temperature

Relative
Humidicy

Wind Direction

Wind Speed

expressed first in eastern standard, then in
Eastern Daylight Time

height of launch point with respect to sea lavel
height above ground level, expressed in feet
expressed dno millibars

expressed in degrees centigrade

expressed as a percent

measured in the direcrion from which the wind is
blowing

expressed In knots
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APPENDIX H

NWS - IAD Surface Meteorclogical Data

This appendix presents a summary of meteorclogical data gleaned from

measurements conducted by the National Weather Service Station at Dulles.
Readings were noted evey 15 minutes during the test.

is described in Section 5.5.

Within each table the following data are provided:

Time(EDT)
Barometric
pressure
Temperature
Humidity
Hind Speed

Wind Direction

time the measurement was taken, expressed in
Eastern Daylight Time

expressed in inches of mercury

expressed in degrees Fahrenheit and centigrade
relative, expressed as a percent
expressed in knots

direction from which the wind is moving

The data acquisirion
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APPENDIX I

On-5ite Meteorological Data

This appendix presents a summary of meteorological data collected on-site
by TSC personnel using a climatronics model EWS weather system. The
anemometer and temperature sensor were located 5 feet above ground level
at noise site 4. The data collection is further described in Section 5.5.

Within each table, the following data are provided:

Time{ EDT)
Temperature
Humidity
Windspeed

Wind Direction

Remarks

expresseéd in Eastern Daylight Time

expressed in degrees Fahrenheit and centigrade
expressed as a percent

expressed in knots

direction from which the wind is blowing

observations concerning cloud cover and wisibility
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